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INTRODUCTION 
Previous to the development of practical prèstarter ra­
tions for early-weaned baby pigs there had been little incen­
tive or interest in knowing the calcium and phosphorus re­
quirements for pigs younger than 8 weeks of age. Subsequent­
ly, only meager and fragmentary evidence as to the calcium and 
phosphorus requirements of baby pigs has appeared in the lit­
erature. It was because of this lack of knowledge in an im­
portant area of the nutrition of the baby pig that the studies 
reported herein were conducted. 
With the lack of direct requirement studies, the recom­
mendations for calcium and phosphorus contents of baby pig ra­
tions have been based; first, on the mineral content of sow 
milk, and second, on the calcium and phosphorus requirements 
of growing swine. The calcium and phosphorus levels in the 
first successful près tarter rations (Speer _et al., 1954) were 
based on sow milk. Sow milk contains approximately 1.25 per­
cent calcium and 0„75 percent phosphorus when calculated on 
a dry matter basis (Hughes and Hart, 1935). Similar levels 
were used in the early prèstarter rations. Subsequently, the 
contributing effect of high calcium on the incidence and se­
verity of parakeratosis in swine was revealed (Tucker and 
Salmon, 1955; Lueeke et al., 1955)• Swine nutritionists have 
since lowered the recommended allowances in baby pig diets. 
The National Research Council Subcommittee on Swine Nutrition 
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(1959) have set the requirements for the 10 pound pig at 0.70 
percent calcium and 0.6o percent phosphorus, and for the 25 
pound pig at 0.65 and 0.50 percent, respectively. It is in­
teresting to note that when the calcium and phosphorus levels 
of sow milk are adjusted for the difference between the calor­
ic content of milk and a typical starter ration, the starter 
ration would contain approximately 0.8 percent calcium and 0.5 
percent phosphorus. For these calculations sow milk was as­
sumed to contain, on a 10 percent moisture basis, 2500 Calor­
ies digestible energy per pound (Lucas and Lodge, 1958) and 
the typical starter diet was calculated to contain l600 Cal­
ories digestible energy per pound. 
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REVIEW OF LITERATURE 
Calcium and Phosphorus Requirement Studies with Swine 
Because of the lack of a significant amount of research 
on the calcium and phosphorus requirements of the baby pig, 
recent requirement studies with growing-finishing pigs will be 
re viewed. 
Aubel et al. (193&) conducted a series of three experi­
ments to arrive at the phosphorus requirement of growing-fin­
ishing pigs. A semi-purified diet low in phosphorus was used. 
Graded levels of phosphorus from 0.15 to 0.59 percent were 
fed, while the calcium was held constant at 0.80 percent. For 
the overall period (40-200 pounds) the phosphorus requirement 
was between 0.27 and 0.30 percent. However, for the first 
month 0.59 percent phosphorus gave better performance than 
0.29 percent. Growth, feed efficiency, blood calcium and 
phosphorus, and bone measurements were used as criteria of 
response. In a later study, Aubel et al. (19^ 1) reported the 
calcium requirement for growing swine from lj.0 to 200 pounds 
body weight to be greater than 0,25 percent and adequate at 
O.lj.1 percent. 
Mitchell et al. (1937), using a practical corn-type diet, 
indicated that 0.30 to 0.35 percent phosphorus was adequate 
for normal growth and bones of growing pigs in the presence of 
adequate Vitamin D and calcium. 
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Shrewsbury and Vestal (19^ 3) found the optimum ranges of 
calcium and phosphorus for growing-finishing pigs to be 0.55 
to 0.68 and 0.1|.0 to 0.1f5 percent, respectively. 
More recently, Chapman et al. (1955b), in a comprehensive 
experiment with combinations of calcium levels from 0.2 to 0.8 
percent and phosphorus levels from 0.2 to 0.7 percent, con­
cluded the optimum calcium and phosphorus levels to be, respec­
tively, 0.8 and 0.6 percent for the 100 pound pig and 0.7 and 
0,5 percent for the 200 pound pig. 
Jordan et al. (1957) reported that growth of weanling 
pigs was improved 25 to 28 percent by adding 0.15 percent 
phosphorus to corn-soybean oil meal type rations initially 
containing approximately 0.3 percent phosphorus. Feed effi­
ciency was also improved by the phosphorus supplementation. 
Later using a purified diet, Jordan (1959) concluded that 0.1^ .0 
percent phosphorus was adequate for pigs over the weight range 
of 20 to 70 pounds. 
Plumlee ejfc al. (1958), in phosphorus availability studies 
with weanling pigs, observed that adding 0.15 percent phos­
phorus to a practical corn-soybean oil meal type ration (0.30 
percent phosphorus) resulted in highly significant increases 
in growth rate and serum inorganic phosphorus values and 
marked improvements in feed efficiency. 
In evaluating criteria of measurement for phosphorus a-
vailability studies with baby pigs, Combs (1955) fed graded 
levels of phosphorus from 0.ll| to 0.ij.0 percent in a purified 
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diet. He obtained positive linear responses in body weight 
gains, bone ash and optical bone density. It appears that 
none of these parameters had reached a maximum value within 
the range studied—indicating that the requirement for phos­
phorus was more than O.I4.O percent for the 1 to 5 week-old pig. 
Vandepopuliere et al. (1959)» in developing techniques 
for measuring the phosphorus adequacy of baby pig diets, stat­
ed that optical bone density and percent bone ash exhibited 
positive linear responses over phosphorus levels ranging from 
O.24 to 0.72 percent, whereas, the growth response was non­
linear. 
Rutledge (1957) investigated the calcium needs of the 
baby pig. He indicated that 0.8 percent calcium was the opti­
mum level for normal bone calcification, and that over the 
range from 0.4 to 1.0 percent there was no consistant effect 
on growth rate or feed efficiency. 
Calcium:Phosphorus Ratios and Vitamin D 
When considering requirements for calcium and phosphorus, 
it is important to take into account the ratio of one to the 
other. Numerous investigators have studied the influence of 
the calcium:phosphorus ratio and its relation to vitamin D. 
Maynard and Loosli (1956) state that either high calcium or 
phosphorus in relation to a low level of the other element 
will cause precipitation of insoluble tricalcium phosphate in 
the alimentary canal. In the presence of sufficient vitamin 
6 
D, the calcium:phosphorus ratio becomes less important. 
Bethke jet al. (1932) effectively demonstrated the rela­
tionship of calcium, phosphorus and vitamin D in the rat. By 
increasing the calcium:phosphorus ratio over the range from 
1:1 to 5:1, growth rate, percent bone ash and serum inorganic 
phosphorus values were decreased. Adding vitamin D to the ra­
tions, overcame some of the depressing effects of high ratios. 
Changing the ratio from 1:1 to 0.25:1 again depressed growth 
rate and ash content of bones, and as before, vitamin D helped 
to correct the depressing effects of the wide ratios. 
Bethke _et al. (1933) indicated that the calcium:phos­
phorus ratio was also critical in the growing-finishing pig, 
especially when the level of phosphorus in the diet was mar­
ginal. At levels of 0.32 and 0.1^ 5 percent phosphorus, a ratio 
of calcium to phosphorus of 3:1 depressed growth and percent 
bone ash, however, this ratio was not injurious when the ra­
tion contained 0.58 percent phosphorus. A source of vitamin D 
was not added to these rations. 
In a series of calcium and phosphorus requirement studies 
with growing-finishing pigs, Ross (1939) observed that the cal­
cium: phosphorus ratio was of paramount importance in deter­
mining performance. He concluded that a ratio of 1:1 or 1.25 
:1 was optimum. The same group (Bohstedt et al., I9I4.2) recom­
mended a ratio of 1.25:1 for growing-finishing pigs. A range 
of ratios from 0.8:1 to 2.9:1 were investigated in rations 
containing 0.31 percent phosphorus. 
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Dunlop (1935) has graphically summarized the calcium and 
phosphorus requirements recommended for swine by a number of 
researchers. From his work and the review, he concluded that 
the calcium:phosphorus ratio was of great importance, espe­
cially when vitamin D was limiting. 
More recently, the importance of a narrow calcium:phos­
phorus ratio for normal growth of baby pigs has been indicated 
by Vandepopuliere et al. (1959)• 
Effect of Excess Calcium on Animal Performance 
In determining the requirement of a nutrient, it is im­
portant to consider not only the minimal requirement, but also 
the maximal amount that can be fed without adverse effects. 
There is considerable evidence which indicates an adverse ef­
fect of high calcium levels on the performance of pigs and 
other animals. Probably the best example of this effect is 
the relationship found between calcium and zinc in parakerato­
sis of swine (Tucker and Salmon, 1955)» and later substanti­
ated by Lueeke et al. (1955). The latter workers demonstrated 
that high calcium levels in swine rations increased the re­
quirement for zinc. Subsequent reports on the calcium:zinc 
relationship further refined the knowledge on the subject 
(Lueeke et al., 1957; Lewis et al., 1956, 1957; Conrad and 
Beeson, 1957; Newland et al., 1958; Hoefer et al.. 1959). The 
National Research Council Subcommittee on Swine Nutrition 
(1959) states as follows: Levels higher than 23 mg. of zinc 
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per pound of ration may be needed if excess calcium is used in 
the ration. When hign calcium levels are fed (1.5-2.0 percent 
of the ration), the use of zinc at 45 mg. per pound of feed 
will not always prevent the growth depression and poor feed 
conversion associated with parakeratosis, although it will 
prevent the typical skin lesions. 
Excessive calcium levels decrease the utilization of 
other minerals as well as zinc. Hegsted ejb al. (1956) have 
demonstrated that growth rate in rats was greater with 0.2 
than with 0.6 or 1.8 percent calcium when the diet contained 0 
to 30 ppm. magnesium, but there was no adverse effect on 
growth at 60 and 120 ppm. magnesium. Lewis _et al. (1951) re­
ported that a borderline phosphorus intake reduced feed con­
sumption and growth rate of steer calves. Adding an excess 
of calcium to the borderline phosphorus diet caused a further 
reduction in feed consumption and gains. Manganese supplemen­
tation was found by Wilgus .et al. (193&) to prevent perosis 
in chickens. A high calcium, and probably a high phosphorus 
intake, increased the manganese requirement for prevention of 
perosis. Chapman and Campbell (1957) reviewed the research on 
the effects of calcium and phosphorus on iron absorption. In 
their own research, using iron-deficient rats, they demon­
strated that large amounts of bone meal in the diet slowed 
hemoglobin regeneration only when the diet contained 30 ppm. 
iron or less. Calcium is known to be goitrogenic. Taylor 
(1954) stated that the goitrogenic effect of calcium was not 
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due to a decrease in the intestinal absorption of iodine. He 
theorized that the calcium acts by inhibiting the synthesis 
of thyroxine or by increasing the iodine clearance by the 
kidney. 
There is a limited amount of work which suggests that 
high calcium intakes may adversely affect the digestibility of 
food. Keener (1953) reported that limestone, at the rate of 
100 g. per day, added to silage rations fed to dairy heifers, 
depressed the digestibility of protein and energy. He gave no 
explanation for this depressing effect. Haldi .et al. (1939) 
and Bachmann et al. (194-0) reported that increasing the levels 
of calcium and phosphorus over the ranges of 0.i|0 to 2.6 per­
cent calcium and 0.24 to 1.7 percent phosphorus in the ration 
decreased organic matter digestibility by rats, however, body 
weight gains were not influenced. These investigations disa­
gree with that by Henry et al. (1940) who reported that cal­
cium levels of 0.07 and 0.86 percent in the diet had no effect 
on the biological value or true digestibility of egg white 
protein by weanling rats. 
A number of investigations have revealed an adverse ef­
fect of high calcium on growth in animals. The reproductive 
performance of female mice, as manifest by weaning weights of 
the young, was adversely affected by one percent calcium car­
bonate added to a diet containing 0.35 percent calcium (Howie 
and Porter, 1950). Hartsook (1956) reported depressed growth 
in rats upon.changing the calcium content of the ration from 
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0.29 to 0.55 percent. Richards (1949) obtained similar re­
sults with rats by changing the calcium from approximately 
O.36 to 0.79 percent of the diet. With swine, an increase in 
calcium from 0.60 to 1.25 percent of the ration depressed 
growth (Carter e_t al. (1959)* Dowe .et al. (1957) obtained a 
large decrease in daily gains of beef calves by increasing the 
calcium:phosphorus ratio from 1.3:1 or 4*3:1 up to 9*1:1 or 
13.7:1. All the animals received approximately 12 g. of phos­
phorus daily. 
It has been suggested that high calcium intakes may de­
crease energy utilization by forming insoluble calcium soaps. 
Cheng et al. (1949) conducted a comprehensive experiment in 
which it was determined that high calcium or magnesium intakes 
markedly affected the digestibility of fats with melting 
points over 50 degrees Centigrade by the formation of insolu­
ble soaps. However, the calcium or magnesium had little ef­
fect on the digestibility of fats melting at temperatures be­
low 50 degrees Centigrade. 
Within the past year a number of reports have been pub­
lished in regard to the depressing effect of calcium on the 
absorption of the tetracyclines. Eggert et al. (1959) re­
ported on this effect in swine. He stated that the serum 
chlortetracycline level was increased 80 percent by removing 
the supplemental calcium and phosphorus from a corn-soybean 
oil meal type ration. It is theorized that the tetracyclines 
act as chelates. Upon complexing with calcium ions, the 
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tetracyclines are evidently poorly absorbed. It is conceiv­
able that a reduction in the serum antibiotic level due to a 
high calcium level in the diet could prevent some of the 
growth-promoting ability of the antibiotic. 
Factors Affecting Phosphorus Absorption 
To determine the requirement for phosphorus, and subse­
quently to recommend a level to be fed, it is necessary to 
consider the availability of the various sources of phosphorus 
which are present in the diet. Swine research in this area 
goes back to the early part of this century, when Hart .et al. 
(1909) compared inorganic and phytin sources of phosphorus. 
They concluded that the two sources were of equal availabili­
ty. However, Forbes (I91I1) indicated that slower growth, 
poorer feed conversion and poorer bone calcification were 
realized when growing-finishing pigs received phosphorus from 
phytin as compared to inorganic sources. Peperzak (1948) 
analyzed manure for inorganic and phytin phosphorus. He re­
ported that manure from sows contained no phytin phosphorus 
and manure from younger pigs contained very little. More re­
cently, Chapman .et al. (1955a) demonstrated that growing-fin­
ishing swine did not utilize plant phosphorus as efficiently 
as inorganic phosphorus, as evidenced by a linear increase in 
average daily gain and linear improvement in feed conversion 
when phosphorus from plant sources decreased from 0.50 to 0.35 
to 0.20 percent of the ration. Inorganic phosphorus was added 
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to maintain 0.50 percent phosphorus in all rations. Plumlee 
et al. (1955) used phosphorus32_iabeled calcium phytate iso­
lated from corn grain to determine the utilization of phytin 
phosphorus by 135 pound barrows. An average of 1.95 percent 
of the phosphorus from orthophosphate was found in the feces, 
as compared to 61.2 percent of the phosphorus in calcium phy­
tate. 
There appears to be a species difference in the ability 
to utilize phytin phosphorus. Chickens and humans utilize 
organic phosphorus poorly (Common, 194-0; G-illis et al., 1957; 
McCance and Widdowson, 1935» Harris, 1955), whereas, it is 
quite efficiently digested by the rat (Spitzer and Phillips, 
1945a; Kawin and Palmer, 1958). However, Spitzer and Phillips 
(1945b) found phytase activity in intestinal mucosa of not 
only the rat, but also the chicken, ruminant and pig. They 
stated that this phytase activity did not originate from 
dietary sources. 
Although there is some disagreement, it appears that at 
least a good part of the phytin phosphorus fed to swine is not 
digested. 
Inadequate vitamin D and a wide calcium:phosphorus ra­
tio interfere with phosphorus absorption from phytate. These 
relationships have been demonstrated by Kreiger _et al. (1940a, 
1940b) in a series of papers « Utilization of phytin phospho­
rus was best when a 1:1 calcium:phosphorus ratio was maintained 
and markedly decreased with a. 2:1 ratio. Inorganic phosphorus 
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utilization was not affected until a 6:1 ratio was reached. 
Vitamin D improved phytate utilization. Mitchell ( 19^ 4-7 ) stat­
ed that, in swine rations, ratios wider than 2:1 will impair 
phytin phosphorus utilization. 
The commercially available sources of supplementary in­
organic phosphorus added to livestock rations vary greatly in 
availability. Numerous experiments have been reported on this 
subject. With poultry G-illis et al. (1948» 1954) » Motzok _et 
al. (1956) and Wilcox et al. (1954» 1955) showed the pure 
orthophosphates to be highly available. Generally, steamed 
bone meal, dicalcium phosphate, defluorinated rock phosphate 
and Curacao Island phosphate are also good sources, although 
some samples of these sources were found to be poorly uti­
lized. Soft phosphate with colloidal clay was poorly uti­
lized. Recent phosphorus availability studies with swine are 
in good agreement with the poultry work (Combs, 1955» Chapman 
et al., 1955; Plumlee et al., 1958). The latter workers 
demonstrated that phosphoric acid was also an excellent source 
of phosphorus. In a semi-purified diet phosphoric acid ap­
peared to improve the palatability of the diet. 
Maynard and Loosli (195*6) indicated that large intakes 
of iron, magnesium or aluminum adversely affected phospho­
rus availability by causing the formation of insoluble 
salts. 
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Dietary Factors Affecting Calcium Absorption 
Numerous dietary factors affect the absorption of calci­
um, however, the relative importance of most of them in normal 
swine rations is not well known. 
Outhouse et al. (1937) observed that lactose, as compared 
to sucrose or galactose, accelerated the rate of bone calcifi­
cation in rats. The sugars were added at levels which fur­
nished 25 percent of the caloric content of the diets. Re­
cently, (Wasserman and Comar, 1959» Lengemann, 1959) using 
radioisotopes, again demonstrated the improvement of calcium 
absorption by lactose with rats. Wasserman and Comar (1959) 
concluded that the increased calcium absorption is correlated 
with the prolonged residence time of the sugar in the gut or 
with the absorption of the sugar by a passive mechanism. 
Lengemann (1959) presented evidence which established that the 
action of lactose is in the intestine, not within the body. 
Dried skim milk diets improved the calcium absorption in rats, 
humans and cattle, but not in rabbits (Lengemann et al., 
1957). Age had no effect on the response to milk diets. 
Young as well as adult rats and cattle absorbed more calcium 
when the diets contained dried skim milk. 
The effect of high protein in increasing calcium absorp­
tion has been noted. This effect may be due to specific amino 
acids. Wasserman et al. (195&) have indicated that, among 
eighteen amino acids tested, 1-lysine and 1-arginine were the 
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most effective in stimulating calcium absorption in rats. La­
ter, the same group (Wasserman et al., 1957) demonstrated that 
the effects of vitamin D, lactose and 1-lysine on calcium ab­
sorption in the rat were additive. They also indicated a lack 
of response by chickens to 1-lysine, 1-arginine and skim milk 
powder. 
Dietary fats have been accused of having a depressing ef­
fect on calcium absorption. Cheng _et al. (1949) reported an 
interesting experiment in which they indicated that, in gen­
eral, dietary fats with melting points below $0 degrees Centi­
grade had little effect on calcium absorption. Those with 
melting points above 50 degrees Centigrade caused a marked 
loss of calcium due to the formation of insoluble soaps. 
Phytate at high levels in the diet can interfere with 
calcium absorption by complexing with calcium ions in the gut. 
Mellanby (1949) has demonstrated the phytate effect with dogs. 
) 
The form of phytate has an effect on its ability to interfere 
with calcium absorption. Phytate compounds in foods inter­
fere less than soluble phytate salts (Harris, 1955). Nicolay-
sen et al. (1953) reported that they were able to demonstrate 
an adverse effect of phytate on calcium absorption with the 
pig. 
Recently, Thornton et al. (1959) presented data which 
indicated that ascorbic acid was effective in allowing normal 
calcium absorption in vitamin D-deficient chicks, however, it 
did not prevent rickets from developing. Further research may 
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demonstrate an ascorbic acid effect in other species. 
The effect of vitamin D on calcium absorption is well es­
tablished. Maynard and Loosli (1956) gave an account of its 
action. Recently, Harrison (1959) has reviewed the literature 
on research concerned with shedding light on the mechanisms 
by which vitamin D influences calcium absorption. 
The availability of calcium from various salts has not 
been studied extensively with the pig. In one report, Eggert 
et ale (1959) indicated that ground limestone and calcium sul­
fate fed at equal levels produced similar bone ash percentages 
in weanling pigs. With rats, Causeret and Hugot (1958) dem­
onstrated in balance studies that the calcium from the car­
bonate, sulfate and lactate salts was of equal availability. 
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EXPERIMENTAL 
General Objectives 
These experiments were conducted to determine the effect 
of various levels and ratios of calcium and phosphorus in the 
ration on baby pig performance. Criteria of performance were 
growth rate, feed conversion and bone calcification measured 
by optical bone density and percent bone ash determinations. 
General Experimental Methods 
The series of experiments which comprise this disserta­
tion is on file in the Animal Husbandry Section of the Iowa 
Agricultural and Home Economics Experiment Station under the 
title of Swine Nutrition Experiments 971, 9^ 0, 1006, 1030, 
1034, lOl+O and 1055. 
To a considerable extent the methods used in the experi­
ments are identical. To avoid duplication common procedures 
will be discussed at this point. 
All animals were obtained from the swine nutrition farm 
breeding herd. For the most part, the animals were of cross­
bred breeding. Within 2I4. hours after birth, each pig was in­
dividually weighed and ear notched, eye teeth were clipped 
and 100 milligrams of iron, as iron-dextran, were injected 
intraperitoneally. The male pigs were castrated at approxi­
mately one week of age and all pigs were administered a 10 
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milliliter injection cholera-erysipelas anti-serum at 5 days 
of age. Experimental pigs were weaned between 12 and 18 
days of age. They were then group-fed for a pre-experimental 
period of 2 to if days, during which time they learned to eat 
highly palatable, dry rations. With the exception of Ex­
periment 10lj.0, the pigs were randomly allotted from littermate 
outcome groups to blocks of individual feeding pens which had 
previously been randomly allotted to the experimental treat­
ments . 
The buildings and pens were steam cleaned and then dis­
infected with lye water before the initiation of each experi­
ment. During an experiment the pens were cleaned daily. A 
minimum of personnel were allowed in the facilities. With few 
exceptions, only the personnel directly responsible for clean­
ing and conducting the experiment entered the building. 
Disinfectant pads were placed in front of the entrances. 
Experiment lOlj.0 was conducted in a well ventilated, con­
trolled temperature baby pig nursery (Unit C). The room tem­
perature was maintained at 6o degrees Fahrenheit. The pigs 
were grouped four per pen. Each pen was furnished with a 
self-feeder, a float-type automatic waterer and a .150 watt 
heat lamp. The floors were bedded with wood shavings. The 
pigs in Experiment 971 were housed in a building (Unit F) sup­
plied with supplemental, thermostatically controlled heat. 
The temperature was maintained at 80 degrees Fahrenheit the 
first week, reduced 5 degrees per week to 70 degrees and held 
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at this temperature for the duration of the experiment. The 
individual wood-floor pens were furnished with a self-feeder 
and a continuous-flow waterer. All the other experiments were 
conducted in Unit E. This unit is a controlled temperature, 
well ventilated baby pig nursery equipped with germicidal 
lamps around the room, at the entrance and at the air inlet. 
The concrete floor under the pens was radiant heated by ther­
mostatically controlled circulating water, and the room tem­
perature was controlled by a forced air heating and air condi­
tioning system. The room temperature was maintained at 70 
degrees Fahrenheit. The floor temperature was held at 85 de­
grees the first week, dropped 5 degrees per week to 70 degrees 
and maintained at this temperature for the duration of the ex­
periment. The individual wire-floor pens were furnished with 
self-feeders and continuous-flow waterers. 
The data collected from each experiment were statistical­
ly analyzed by methods described by Snedecor (1956). In all 
experiments, the pen was considered the experimental unit. 
Any reference to statistical significance or simply to signi­
ficance pertains to the probability level of 5 percent or less. 
In cases where animals were removed from an individual feeding 
experiment due to death or unthr if t ine s s, the missing data 
were calculated by the methods described by Snedecor (1956). 
In the group feeding experiment, when an animal was removed, 
the average gain of the remaining pigs in the pen was used as 
the gain observation. The feed required per pound of gain was 
20 
adjusted for any gain by the pig prior to removal, assuming 
equal efficiency for all pigs in the pen. 
When reference is made to the calcium and phosphorus lev­
els of rations in the text, and the graphs and tables, calcu­
lated values are used. However, when rations were analyzed 
for calcium and phosphorus, these values are presented in the 
experimental sections of the individual experiments. Rations 
were analyzed for calcium by the official A. 0. A. C. (1955) 
titrimetric method and for phosphorus by the method of Rickey 
and Avens (1955). 
All tables are to be found in the Appendix. Tables 1-ij. 
pertain to the experimental basal rations and Tables 5-22 deal 
with results of the various experiments. Specifically, the 
tables pertaining to the rations deal with the following: 
Table 1 presents the composition of the rations, Table 2 gives 
the calculated analyses of the basal rations, Table 3 presents 
the added and total amounts of vitamins and antibiotics in the 
rations and Table !(. gives the composition of the trace mineral 
premix and the amounts of the trace minerals contributed to 
the ration by additions of 0.10 and 0.20 percent of the pre­
mix. 
Calcium and Phosphorus Studies 
Experiment 971 - Calcium:Phosphorus Ratios for Baby Pigs 
Objectives The experiment was conducted to determine the 
influence of calcium:phosphorus ratios or calcium levels, in 
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rations containing 0.70 percent phosphorus and 50 mg. of 
chlortetracycline per pound, on growth, feed conversion, bone 
calcification and serum chlortetracycline levels. 
Experimental Sixteen pigs averaging 9*1 pounds and l6 
days of age were individually fed the experimental rations in 
Unit F for a period of 28 days. The basal ration (Table 1) 
was formulated to simulate a practical-type ration for baby 
pigs of 2 to 6 weeks of age. Casein and lactose were used in 
place of dried skim milk in an effort to make the basal ra­
tion low in calcium and phosphorus before mineral supplemen­
tation. Calcium carbonate (feed grade) was added as the cal­
cium source because of its availability and universal use in 
swine diets. Monocalcium phosphate (purified) was the phos­
phorus supplement of choice for two reasons. First, its low 
content of calcium in relation to phosphorus makes it possible 
to vary the calcium:phosphorus ratio in the ration over a wide 
range. Second, in studies with poultry (G-illis ejt al., 1954; 
Wilcox et al., 1955; Motzok et al., 1956) and with swine 
(Combs, 1955; Plumlee et al., 1958), monocalcium phosphate has 
consistantly been demonstrated to be a highly available phos­
phorus source. The four ration treatments consisted of grad­
ed, calculated levels of 0.52, 0.70, 0.88 and 1.05 percent 
calcium. Phosphorus was present in all rations at a level of 
0.70 percent. These calcium and phosphorus levels gave cal­
cium: phosphorus ratios of 0.75:1.0, 1.0:1.0, 1.25:1.0 and 
1.5:1.0. 
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At the initiation of this investigation, there was a need 
for a good technique to directly measure the degree of bone 
calcification without sacrificing the pigs' life. The method 
of bone biopsy described here was subsequently developed for 
this experiment and for those that follow. The fifth meta­
tarsal of the right pes was chosen as the bone to remove be­
cause of its proximity to the surface, the lack of large blood 
vessels in the surrounding area and its unimportance for the 
support and locomotion of the pig. The pig is elevated by 
means of a rope around the right leg above the hock. This 
helps immobilize the pig and slows the blood flow to the foot. 
The leg is washed and the hair shaven over the area of inci­
sion. The skin is disinfected with ethanol. Four milliliters 
of a 2 percent procaine solution are injected subcutaneously 
in the area around the leg distal to the hock. After a few 
minutes an incision 1.5 inches long is made over the metatar­
sal from the nail forward. A second circular incision is then 
made around the base of the nail. The tissues are separated 
from the bone, the shaft is broken approximately 1.5 centi­
meters proximal to the epiphyseal diaphyseal junction and the 
bone is removed. The skin is drawn together with three or 
four sutures, after first sprinkling potassium penicillin in 
the wound. One million units of penicillin are injected in-
traperitoneally on the day of the operation and again i). to 7 
days later. The removed bones are scraped clean of soft tis­
sue, cut to equal lengths (1.2 centimeters from the epiphyseal 
diaphyseal junction), dried at 10$ degrees Centigrade for [j. 
hours and refluxed in a G-oldfisch fat extractor for 8 hours 
using Bloor's mixture as the solvent (3 parts ethyl alcohol 
and 1 part diethyl ether). The fat-free samples are then 
dried at 105 degrees Centrigrade for 2 hours. Weights are ob­
tained on the moisture- and fat-free bones. The samples are 
ashed in a muffle furnace at 600-?00 degrees Centigrade for a 
period of ij. hours, cooled and weighed. Ash values are calcu­
lated as percent ash of moisture- and fat-free bone. 
Blood samples for serum chlortetracycline assay were col­
lected from the anterior vena cava into 15 milliliter centri­
fuge tubes. They were allowed to clot and were spun at 2000-
2500 revolutions per minute for 10 minutes. The serum was 
drawn off, placed in sample bottles and stored at approximate­
ly 0 degrees Fahrenheit until assayed. Chlortetracycline was 
determined by the method described by Grove and Randall (1955). 
Radiographs of the right pes were taken by the method 
described by Facto et al. (1956) after the animals had been 
lightly anesthetized with sodium pentothal. A slight modi­
fication of their method was used to determine the optical 
density of the tuber calcis. In these studies a Welch "Densi-
chron" Densitometer (No. 3Ô35A) was used to estimate the opti­
cal density on the radiographs. The bone density values were 
then expressed in units of millimeters of the aluminum refer­
ence wedge per centimeter of bone thickness. The thickness 
was estimated by measuring the widest part of the tuber calcis 
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on the radiographs and using this distance as the estimate— 
assuming the bone to be a sphere. 
The aluminum wedge was compared with wedges of ivory and 
bone. The characteristic optical density curves of the three 
wedges were similar (parallel) indicating that under the condi­
tions used in taking the radiographs the x-rays were absorbed 
by aluminum and bone matter to the same extent. 
Results and discussion The individual pig data are pre­
sented in Table 5 and are summarized in Figures 1 and 2. The 
analysis of variance plan and the statistical analyses are 
found in Table 6. 
Neither total gain nor feed required per pound of gain 
was significantly affected by ration treatments. However, 
the data suggest that a calcium:phosphorus ratio of 1.0:1.0 
or a calcium level of 0.70 percent may be optimum for a maxi­
mum growth rate and the most efficient utilization of feed. 
The suggested growth differentials appeared early in the ex­
periment as shown in Figure 1. 
Increasing the calcium level in the ration over the range 
from 0.52 to 1.05 percent produced statistically significant 
linear increases in bone calcification when measured by the 
optical density of the tuber calcis or by percent bone ash of 
the moisture- and fat-free metatarsal. 
Calcium intake had a definite influence on the serum 
chlortetracycline concentration of the baby pigs. Increasing 
the calcium level of the ration from 0.52 to 1.05 percent, 
Figure 1. Experiment 971 - Effects of calcium levels and 
calcium:phosphorus ratios on 2-6 week body weight 
gain and feed required per pound of gain 
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Figure 2. Experiment 971 - Effects of calcium levels on 
optical density of the tuber calcis, percent ash 
of the moisture- and fat-free metatarsal and serum 
concentration of chlortetracycline 
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decreased the serum chlortetracycline concentration from an 
average of 30.k down to I7.I4. micrograms per 100 milliliters of 
blood. These results are in agreement with those reported by 
Eggert _et al. (1959) • 
The explanation for the possible growth-depressing ef­
fect of a high calcium level or a wide calcium:phosphorus ra­
tio in the ration remains to be discovered. Davis (1959) 
a review article has discussed some of the adverse effects of 
high calcium intakes. This subject has also been reviewed 
earlier in this dissertation. Two possible causes for the 
growth-depression observed in this experiment were later in­
vestigated. First, the influence of the carbonate anion on 
growth and feed conversion was investigated, and later the 
possibility of an interaction between the calcium intake and 
the growth response to chlortetracycline was investigated. 
The technique developed for removal of a metatarsal from 
the 6-week-old pig appeared to be successful. The animals 
recovered completely within a few weeks. Judging from a com­
parison of the statistical analyses of the optical tuber 
calcis density and metatarsal ash values (Table 6), the meth­
ods are of equal sensitivity for measuring changes in bone 
calcification. The coefficients of variation were 9*2 and 3.1 
percent for the tuber calcis optical density and the metatar­
sal ash values, respectively. The simple correlation coeffi­
cient between these estimates of bone calcification was 0.1l2. 
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Experiment 980 - The effect of the anions, 
acetate and carbonate on baby pig performance 
Objectives The experiment was conducted to observe the 
influence of the anionic fraction of the macro-mineral sources 
added to a purified ration on baby pig performance. The ani­
ons compared were carbonate and acetate. Aspects of another 
research study on the effect of growth rate on the response 
to an excess of potassium in the diet were also included in 
the experiment. 
Experimental Thirty-six pigs averaging 9*4 pounds body 
weight and 18 days of age were fed the experimental rations 
for a period of 28 days in individual pens in Unit E. 
The basal ration (Table 1) was developed for sodium and 
potassium requirement studies by Hannan (1959). Excellent 
growth and feed conversion had been obtained with this simple, 
purified ration. The ration treatments consisted of two lev­
els of protein (12 and 20 percent). It was assumed that 20 
percent was sufficient for a maximum growth rate and that 12 
percent would limit the growth rate of 2- to 6-week-old pigs. 
Within each protein level, two levels of potassium were added 
to the ration (0.68 and 1.53 percent). The added potassium 
plus the supplemental calcium and magnesium were added as 
either the carbonate or acetate salts. These additions re­
sulted in a total of 8 ration treatments in a 2 X 2 X 2 fac­
torial arrangement. 
Acetate was chosen as the anion to compare with carbonate 
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because Hannan (1959) had previously obtained a limited amount 
of evidence suggesting that acetate had a favorable influence 
on the growth rate of early-weaned pigs fed the basal diet 
used in this experiment. Acetate was also chosen because of 
its frequent appearance in the metabolic reactions of the body. 
It was assumed to be an easily metabolized anion. Further, 
if carbonate has an unfavorable influence on the pH in the 
gut, as suggested by Davis (1959), then acetate should be an 
anion of choice since the pH at which it serves as a good 
buffer is much lower than the buffer region of either the bi­
carbonate or carbonate ions. 
Results and discussion The individual pig data for total 
body weight gain and feed required per pound of gain are pre­
sented in Table 7 and are graphically summarized in Figure 3» 
The analysis of variance plan and statistical treatment of 
the data are shown in Table 8. The analyses of variance were 
conducted on the data of only 32 of the 36 observations. The 
partial (fifth) replication was omitted from the analyses of 
variance but was included in the total gain and feed conver­
sion summaries. Littermate control was not maintained in the 
partial replication. 
Increasing the protein level in the diet from 12 to 20 
percent had a statistically significant, favorable effect 
on both total body weight gains and on feed required per pound 
of gain. Growth rate was increased by 47 percent and the feed 
required per pound of gain was decreased by 30 percent. The 
Figure 3. Experiment 98O - Effects of anions (acetate and car­
bonate), and protein and potassium levels on 2-6 
week body weight gain and feed required per pound 
of gain 
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levels of potassium added to the ration had no effect on 
growth rate or feed conversion when 20 percent protein was in­
cluded in the ration, but they had decided effects when 12 
percent protein rations were fed. With 12 percent protein, 
1.53, as opposed to 0.68 percent added potassium significantly 
improved the growth rate by 30 percent and the feed conversion 
by 9 percent. These results disagree with those of McCance 
and Widdowson (1958) who demonstrated that an excess of potas­
sium in the diet of the newborn pig was toxic if the animal 
was not growing normally but was nontoxic to normal growing 
pigs. However, it is possible that the 12 percent protein 
level did not depress growth sufficiently to demonstrate the 
toxic effects of excess potassium, or that the kidney of the 
pig from 2 to 6 weeks of age, in contrast to the kidney of the 
newborn pig, is able to excrete all of the excess potassium. 
A slight, but significant difference in feed required per 
pound of gain was noted between the animals receiving carbon­
ate salts and those receiving acetate salts. The rations con­
taining acetate were quite hygroscopic while those containing 
carbonate were not. This difference in the moisture content 
of the rations may have influenced the apparent results. 
These experimental results on the comparison between carbonate 
and acetate are in disagreement with the previously stated 
hypothesis that high levels of carbonate might have a depress­
ing influence on growth rate and feed conversion. Assuming 
that the acetate ion does not influence baby pig performance, 
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then the observations in this experiment refute the supposi­
tion that the carbonate ion was responsible for the growth and 
feed conversion differentials observed in Experiment 971. 
Experiment 1030 - Influence of calcium:phosphorus 
ratios in the presence and absence of chlortetra-
cycline on baby pig performance 
Objectives The following problems were investigated in 
this experiment: (1) the effect of the presence or absence of 
chlortetracycline in the ration on the possible growth-depres­
sing properties of baby pig rations with wide calcium:phos­
phorus ratios or high calcium levels, (2) the correlation of 
percent moisture- and fat-free bone and optical bone densi­
ty of the femur, metatarsal and tuber calcis, and (3) the 
feasibility of using a balance study to determine the calcium 
requirement. 
Experimental Initially, the experimental animals aver­
aged 10.2 pounds body weight and 17 days of age. In allotting 
the pigs to treatments, complete litter control was maintained 
in respect to calcium treatments but not in respect to chlor-
tetracycline treatments. Therefore, the experiment was de­
signed and analyzed as a split-plot. The experiment was con­
ducted in Unit E under conditions identical to those mentioned 
previously. 
The ration developed for this experiment (Table 1) was 
formulated of practical ingredients in an effort to simulate 
a baby pig starter ration of good performance potential. The 
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ration calculated 0.42 percent calcium and 0.44 percent total 
phosphorus, of which 0.34 percent was non-phytin phosphorus 
before any supplemental calcium and phosphorus were added. 
The ration treatments consisted of calculated calcium 
percentages of 0.52, 0.70, 0.88 and 1.05 with the phosphorus 
level at 0.52 percent in all rations. These combinations re­
sulted in calcium:phosphorus ratios of 1.0:1.0, 1.33*1-0, 
1.66:1.0 and 2.0:1.0. All mineral treatments were fed without 
and in combination with 50 milligrams of chlortetracycline per 
pound of ration. The rations analyzed 0.55, 0.72, O.89 and 
1.05 percent calcium and 0.55 percent phosphorus. 
At the termination of the experiment the animals were 
sacrificed. The right pes of each animal was removed and 
stored at 0 degrees Fahrenheit until radiographs could be ta­
ken. The intact legs were later thawed, and radiographs were 
taken as with the living animal. The femurs, fifth metatar­
sals and tuber calci were removed, cleaned of soft tissue and 
radiographs were again obtained. Optical bone density esti­
mates were made on the diaphysis of the femur and on the epiph­
ysis of the metatarsal and the intact and removed tuber calci. 
The width of the bones at the points of assay were used as 
estimates of bone thickness. The entire tuber calcis and 
metatarsal, and a one inch section from the diaphysis of the 
femur were then ashed as described under Experiment 971» Pri­
or to drying, the marrow was washed from the marrow cavity of 
the femur section with a stream of water. 
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From the eighth through the twelfth day of the experimen­
tal period, total collections of urine and feces were made for 
later analysis for calcium and phosphorus content. The fecal 
samples were collected twice daily and then stored at 0 de­
grees Fahrenheit until the end of the collection period. The 
fecal samples were then weighed, dried to a constant weight 
at 95-100 degrees Centigrade and weighed again. A sample of 
each finely ground and mixed total collection was taken for 
analysis. Total urine collections were made in 2 quart glass 
jars into which a small quantity of toluene had been added. 
At the end of the collection period the total volume of urine 
from each pig was measured. Aliquots were taken for analysis 
and were stored at approximately 35 degrees Fahrenheit in 
stoppered tubes. Phosphorus analyses were made using the 
method of Rickey and Avens (1955), and calcium analyses were 
made by a compleximetric method (Baron and Bell, 1959)• 
Results and discussion The summary of the growth and 
feed conversion data are presented in Table 9 and Figure 4» 
The respective analyses of variance plans and mean squares 
are shown in Table 11. 
Growth rate was significantly depressed by widening the 
calcium:phosphorus ratio. Under the conditions of this ex­
periment, a ratio of 1.33:1*0 (0.70 percent calcium) was wide 
enough to affect the growth rate» The depression in growth 
rate was evident as early as the end of the first week of the 
experimental period. Chlortetracycline in the baby pig's ra-
Figure I4.. Experiment 1030 - Effects of calcium levels, 
calcium:phosphorus ratios and the presence or absence 
of 5*0 milligrams chlortetracycline per pound of 
ration on 2-6 week body weight gain and feed required 
per pound of gain 
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t.ion did not have a statistically significant influence on 
growth, although it appeared to slightly improve the growth 
rate in the animals receiving calcium:phosphorus ratios other 
than 1.0:1.0. It is evident from the growth data that the 
growth-depressing effect of wide ratios or high calcium in­
takes is not dependent upon, nor affected by, the presence of 
chlortetracycline in the ration. If it were, then no depres­
sion in growth rate due to rations containing high levels of 
calcium would have been evident in the animals fed the rations 
without chlortetracycline. 
The bone ash and optical bone density data are summarized 
in Table 12 and illustrated in Figure 5« The presence or ab­
sence of chlortetracycline had no effect on calcification. 
Therefore, for the sake of simplicity, the chlortetracycline 
treatments were ignored in Figure 5. 
Bone calcification, as measured by percent ash of mois­
ture- and fat-free bone, was not affected by the levels of 
calcium included in the rations. These data do not appear 
to agree with those of Experiment 971* In the previous study 
there was a significant linear increase in bone ash percent­
ages with increasing calcium levels over the same range. The 
only obvious difference between experimental conditions was 
a difference in the phosphorus content of the rations. In 
the present experiment the diets contained 0.52 percent phos­
phorus, as opposed to 0.70 percent in Experiment 971. The 
lower phosphorus intake may have limited the extent of bone 
Figure 5* Experiment 1030 - Effects of calcium levels on 
optical density and percent ash (moisture and 
fat-free basis) of the femur, tuber calcis and 
metatarsal 
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calcification in these animals. Whitcher et al. (1936) re­
ported findings that support this hypothesis. With weanling 
rats they observed no changes in total body calcium due to 
ration calcium percentages over the range from 0.53 to 1.05 
when 0.43 percent phosphorus was fed, but they obtained 
slightly increasing increments when 0.73 percent phosphorus 
was included in the ration. 
Simple correlation coefficients were calculated among and 
between the various bone ash and bone optical density values 
to determine the relative validity of these values for esti­
mating bone calcification. The comparisons and the observed 
correlation coefficients are presented in Table 13. 
As a group the highest correlations are those between the 
optical bone density values. The respective correlations be­
tween the bone ash values are somewhat lower. With the ex­
ception of the comparison with the femur, the correlations be­
tween ash and density values of the same bone are extremely 
low. IN one of the correlation coefficients are as high as were 
expected. Possibly, the correlations would have been of a 
higher magnitude if a wider range of calcium levels had been 
fed—a range wide enough to cause definite differences in the 
degree of bone calcification. 
The individual tuber calcis optical density values were 
estimated on the intact and the removed bones (Table 12). It 
is evident that the necessary corrections made for soft tis­
sue absorption of x-rays in estimating the density of the in­
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tact tuber calci were too great. The correlation coefficient 
for the comparison of the two estimates of tuber calcis densi­
ty was 0.547* 
The calcium balance study was conducted to determine 
whether it could be used as a method for determining the cal­
cium requirement. It was hypothesized that either the percent 
calcium retention would remain relatively constant or the total 
calcium retained per unit weight of ration consumed would in­
crease as the calcium level in the ration increased up to the 
animal's requirement. The results of both the calcium and 
phosphorus balance studies are summarized in Table 10 and il­
lustrated graphically in Figure 6. Increasing the calcium 
percentage in the ration over the range from 0.52 to 1.05, 
produced a statistically significant, linear decrease in per­
cent calcium retention. The hypothesis that percent calcium 
retention would remain constant until the calcium requirement 
was reached was not evident in this study. However, possibly 
the lowest calcium level used met the requirement for the pigs 
in this experiment. The bone calcification data, previously 
discussed, indicate that 0.52 percent calcium was adequate. 
A calculation of the calcium retention per gram of feed eaten 
resulted in values of 4*1, 4*7, 5*4 and 5«3 milligrams for 
the rations containing 0.52, 0.70, 0.88 and 1.05 percent cal­
cium. Increasing the calcium level from 0.88 to 1.05 percent 
did not result in any increase in absolute absorption of cal­
cium. Therefore, 0.88 percent calcium was at or above the re-
Figure 6. Experiment 1030 - Effects of calcium levels and 
calcium:phosphorus ratios on percent retention of 
dietary calcium and phosphorus 
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quirement for these pigs of 3 to 4 weeks of age. Widening the 
calcium:phosphorus ratio or increasing the calcium level of 
the ration appeared to decrease the percent phosphorus re­
tained by the pigs. However, this effect was not statistical­
ly significant. The phosphorus retention per gram of feed 
consumed was 3.8, 3.6, 3»7 and 3*4 milligrams for the rations 
containing 0.52, 0.70, 0.88 and 1.05 percent calcium, re­
spectively. 
Experiment 1034 - The influence of phosphorus 
levels and calcium:phosphorus ratios or 
calcium levels on baby pig performance 
Objectives The experiment was designed to explain the 
apparent difference in the bone calcification response to in­
creasing calcium intakes observed between Experiment 971 and 
1030. Also, the possible growth depressing effect of wide 
calcium:phosphorus ratios or high calcium levels was investi­
gated. 
Experimental Sixteen Landrace-Yorkshire pigs averaging 
13.4 pounds and 19 days of age were individually fed the ex­
perimental rations for a period of 28 days in Unit E. The 
basal ration (Table 1) was the same as that used in Experiment 
1030o The experimental rations consisted of two calculated 
levels of phosphorus (0.52 and 0.70 percent); each in combina­
tion with calcium levels which resulted in calcium:phosphorus 
ratios of 1.0:1.0 and 1.5:1.0. The rations analyzed 0.57 and 
0.73 percent phosphorus and 0.57, 0.75, 0.83 and 1.08 percent 
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calcium. Growth and feed consumption data were collected 
weekly, and the fifth metatarsal from the right pes of each 
pig was removed at the termination of the experiment. Radio­
graphs were taken of the cleaned metatarsals. The bones were 
then ashed as described under Experiment 971» 
Results and discussion The individual pig data are sum­
marized in Table llj. and illustrated in Figure ?• The analysis 
of variance plan and the mean squares are presented in Table 
15. 
The experimental treatments had an influence on the total 
body weight gains of the baby pigs. The interaction of cal­
cium: phosphorus ratios and phosphorus levels was statistically 
significant. This is a reflection of a difference in response 
to an increase in the calcium:phosphorus ratio or the calcium 
level at 0.52 as opposed to 0.70 percent phosphorus in the ra­
tion. Widening the ratio or increasing the calcium intake im­
proved the growth rate slightly with 0.52 percent phosphorus, 
but depressed the growth rate considerably with 0.70 percent 
phosphorus. These results indicate that, within the ranges 
studied, the level of calcium in the diet and not a wide cal­
cium: phosphorus ratio per se is responsible for the growth de­
pression observed in this and the previous studies reported 
herein. For, if a wide calcium:phosphorus ratio was to de­
press growth, it would likely have been most depressing when 
the ration contained a minimal level of phosphorus (Bethke 
et al., 1933; Lewis e_t al., 1951). 
Figure 7 • Experiment IO3I1 - Effects of calcium and phosphorus 
levels and calcium:phosphorus ratios on 2-6 week 
body weight gain, feed required per pound of gain, 
percent ash of the moisture- and fat-free meta­
tarsal and optical density of the metatarsal 
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The individual feed requirements per pound of gain were 
quite variable. It was impossible to determine any treatment 
effect. 
Increasing the level of calcium and phosphorus from that 
in the basal ration significantly increased the ash content of 
the metatarsal bone. Within each phosphorus level an increase 
in the calcium level increased the percent ash values. These 
results are in agreement with those of Experiment 971 but not 
with those of Experiment 1030. Increasing the phosphorus con­
tent of the ration from 0.52 to 0.70 percent may also have in­
creased metatarsal calcification slightly but it is impossible 
to separate this effect from the calcium effect because of the 
type of experimental design used. 
The results of the optical density values of the metatar­
sals are in partial agreement with the percent ash values. 
Both methods indicate a sizable increase in calcification when 
the calcium level in the ration is increased from 0.52 to 0.70 
or 0.79 percent. However, the optical density measurements do 
not indicate a further increase in calcification with a ration 
containing 1.05 percent calcium. 
A comparison of the two methods of estimating bone calci­
fication revealed a simple correlation coefficient of 0.59• 
The observed coefficients of variation for optical density 
and percent bone ash values of the metatarsals were 6.3 and 
1|.7 percent, respectively. 
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Experiment lOlj.0 - Influence of calcium: phosphorus 
ratios of calcium levels on baby pig performance 
Objectives The effects of calcium:phosphorus ratios or 
calcium levels on the growth rate and feed efficiency of 
group-fed baby pigs were investigated. The phosphorus level 
was held constant at 0.52 percent of the ration. 
Experimental Sixty pigs, initially averaging 11.1}, pounds 
body weight and 17.6 days of age, were group-fed (4 per pen) 
the experimental rations for a period of 28 days in Unit C. 
The basal ration (Table 1) developed for Experiment 1030 was 
used. The 3 experimental ration treatments consisted of cal­
cium: phosphorus ratios of 1.0:1.0, 1.25=1.0 and 1.5:1.0 or 
calculated calcium percentages of 0.52, 0.66 and 0.79» All 
rations contained a calculated level of 0.52 percent phospho­
rus. The rations analyzed 0.58, 0.71 and O.83 percent calci­
um and 0.54 percent phosphorus. 
Results and discussion The total body weight gain and 
feed conversion data are summarized in Table l6. Figure 8 
presents the average gain at weekly intervals and the average 
feed conversion for the total experimental period in graphic 
form. The analysis of variance plan and the statistical 
treatment of the data are shown in Table 17. 
Total body weight gains were not significantly depressed 
by a wide calcium:phosphorus ratio or high calcium level in 
the ration. However, the summary of the data suggests that 
0«79 percent calcium may be slightly growth-depressing. This 
Figure 8. Experiment IOI4.O - Effects of calcium levels and 
calcium:phosphorus ratios on 2-6 week body weight 
gain and feed required per pound of gain 
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effect was particularly evident early in the experimental 
period. The statistical analysis of the feed requirements per 
pound of gain revealed a significant quadratic component of 
the treatment effect, which indicated that maximum feed effi­
ciency was realized with the ration containing 0.66 percent 
calcium, that 0.52 percent calcium was below the baby pig's 
requirement and that a level of 0.79 percent had an adverse 
effect on the efficiency of feed utilization. 
Experiment 1006 - A calcium and phosphorus 
requirement study with baby pigs 
Objectives The experiment was designed to determine the 
optimum calcium, and phosphorus levels and calcium:phosphorus 
ratio for baby pigs when fed a corn-soybean oil meal type 
starter ration. 
Experiment Thirty-six crossbred pigs, initially averag­
ing 11.7 pounds body weight and 17 days of age, were individ­
ually fed the experimental rations for a period of 35 days in 
Unit E. The basal ration (Table 1) used in this experiment 
was formulated to contain ground yellow corn and sucrose as 
the major carbohydrate sources and soybean oil meal as the ma­
jor protein source. A limited amount of milk products was 
added. The basal ration contained calculated levels of 0.62 
percent calcium and 0.50 percent total phosphorus, of which 
O.36 percent was non-phytin phosphorus. The ration treat­
ments, which consisted of various combinations of phosphorus 
levels and calcium:phosphorus ratios, are presented in Table 
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18 and Figure 9» 
At the termination of the experiment radiographs were 
taken of the right pes as previously described. The fifth 
metatarsal of the right pes was then removed. Optical tuber 
calcis density values were obtained from the radiographs and 
percent moisture- and fat-free ash values were determined on 
the metatarsals. 
Results and discussion The summary of the data for indi­
vidual total body weight gains and feed required per pound of 
gain are presented in Table 18 and illustrated graphically in 
Figure 9» The analysis of variance plan and the breakdown 
of the statistical analyses are shown in Table 19. 
Mo differences were noted in either total gain or feed 
efficiency which could be attributed to the ration treat­
ments. The animals scoured severely during the first 2 weeks 
of the experimental period and the average growth rate during 
the same period was poor. As a consequence, the precision of 
the experiment was low. The coefficients of variation are 
15.8 and 7.if percent for total gains and feed required per 
pound of gain, respectively. 
The individual metatarsal ash and tuber calcis optical 
density values are summarized in Table 18 and graphically 
shown in Figure 10. With metatarsal ash as the criterion used 
for estimating bone calcification, it appeared that a ration 
containing 0.50 and 0,62 percent phosphorus and calcium, re­
spectively, was not adequate in these minerals. A comparison 
Figure 9. Experiment 1006 - Effects of calcium and phosphorus 
levels and calcium:phosphorus ratios on 2-7 week 
body weight gain and feed required per pound of gain 
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Figure 10. Experiment 1006 - Effects of calcium and phosphorus 
levels and calcium:phosphorus ratios on optical 
density of the tuber calcis and percent ash of the 
moisture- and fat-free metatarsal 
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of the rations containing 0.50 and 0.75 percent phosphorus, in 
combination with the same calcium percentage (0.75)> indicates 
that 0.50 percent phosphorus was sufficient for the metatarsal 
calcification allowed by 0.75 percent calcium. Ignoring any 
possible influence due to the calcium:phosphorus ratio, the 
summary of the metatarsal ash data indicates that 0.94 percent 
calcium in the ration is sufficient to meet the requirement 
for maximum calcification. The tuber calcis density and the 
metatarsal ash values do not entirely agree. When the tuber 
calcis density was used to estimate calcification, a compari­
son between 0.50 and 0.75 percent phosphorus in rations con­
taining 0.75 percent calcium indicated that 0.50 percent phos­
phorus was below the requirement. As with the ash values, 
levels of calcium in the ration up to 0.94 percent increased 
tuber calcis density readings. Both methods of estimating cal­
cification indicated a depression in calcification as the re­
sult of a high phosphorus level (1.0 percent) in the ration. 
It is possible that this level of phosphorus, in the presence 
of a calcium intake that is normally adequate for maximum bone 
calcification, resulted in poor absorption of calcium due to 
the formation of insoluble tricalcium phosphate (Maynard and 
Loosli, 1956). 
The simple correlation coefficient for the comparison 
between optical density of intact tuber calci and percent ash 
of metatarsals was 0.4-0. The coefficients of variation for 
optical density and percent ash values were 12.1 and 2,6 per­
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cent, respectively. 
Experiment 1055 - A study of 
phosphorus levels with baby pigs 
Objectives The experiment was conducted in an effort to 
determine the phosphorus requirements of baby pigs for maxi­
mum growth, feed efficiency and bone calcification using a 
ration containing approximately 25 percent milk products and 
0.70 percent calcium. 
Experimental Sixteen crossbred pigs, initially averag­
ing 12.0 pounds body weight and 17.5 days of age were individ­
ually fed the experimental rations for a period of 28 days in 
Unit E. The ration treatments consisted of 4 equally spaced, 
calculated phosphorus percentages—0.35» 0.45, 0.55 and 0.65. 
The respective rations analyzed 0.35, 0.46, 0.57 and 0.63 per­
cent phosphorus, and all rations analyzed 0.70 percent calcium. 
The basal ration (Table 1) was similar to that developed for 
Experiment 1030. However, 15 percent of the dried skim milk 
was replaced by casein and lactose in order to decrease the 
phosphorus content of the basal ration. Body weight and feed 
consumption data were collected weekly. At the termination 
of the experiment the fifth metatarsal of the right pes was 
removed from each pig for ash determinations by the methods 
which were described under Experiment 971. 
Results and discussion The individual data for total 
body weight gain, feed required per pound of gain and percent 
metatarsal ash on a moisture- and fat-free basis are summarized 
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in Table 20 and illustrated graphically in Figure 11. The 
analysis of variance plan and the statistical treatment of the 
data are presented in Table 21. 
One animal on the highest phosphorus level (0.65 percent) 
scoured severely and continuously for the first 2 weeks of the 
experimental period. Therefore, the individual data of this 
animal were not included in the summaries. Instead, missing 
values were calculated (Snedecor, 1956). 
The linear regression component of the phosphorus treat­
ment effect on total gains was statistically significant. The 
maximum growth rate was attained with 0.55 percent phosphorus 
in the ration. Likewise, the phosphorus level of the ration 
had an effect on the efficiency of feed utilization. The lin­
ear regression component of the treatment effect was statisti­
cally significant. The ration containing the highest phospho­
rus level (0.65 percent) was utilized most efficiently by the 
pigs. 
The phosphorus intake of pigs on rations containing 0.35 
or 0.45 percent phosphorus was inadequate for maximum metatar­
sal calcification, whereas, with 0.55 percent the phosphorus 
intake was sufficient. No further improvement in bone calci­
fication was noted when 0.65 percent phosphorus was included 
in the ration. These results are supported by a statistically 
significant linear regression component of the phosphorus 
level treatment effect. 
Figure 11. Experiment 1055 - Effects of phosphorus levels 
on 2-6 week body weight gain, feed required per 
pound of gain and percent ash of the moisture-
and fat-free metatarsal 
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GENERAL DISCUSSION 
Design of Experiments 
Vvhen studying the effects of calcium, and phosphorus lev­
els and calcium:phosphorus ratios it is impossible to consider 
any one factor alone without considering the others. In 
interpretation of these experiments, it is then difficult to 
separate and determine the independent effects of any one of 
the factors. Various types of designs have been used in cal­
cium and phosphorus studies. The simplest types are those in 
which either the calcium or phosphorus level is held constant, 
while levels of the other are added to the basal ration. This 
type of experiment was used to good advantage by Aubel .et al. 
(1936, 1941) for determining the calcium and phosphorus re­
quirements of growing-finishing pigs. Experiments 971, 1030, 
lOlfO and 1055 were designed similarly. Factorial arrange­
ments of treatments have also been used in calcium and phos­
phorus studies. Examples are those of Chapman .et al. (1955) 
who used calcium and phosphorus levels as factors and Bethke 
et al., (1933) who used phosphorus levels and calcium:phos­
phorus ratios as factors. The latter type of factorial 
arrangement was used in Experiments 1034 and 1006. 
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Calcium:Phosphorus Ratio Effects 
In Experiments 971# 1030 and 10l}.0 it is impossible to 
partition the treatment effect into the portion due to cal­
cium levels and the portion due to calcium:phosphorus ratios. 
In Experiment 971# using rations containing 0.70 percent 
phosphorus, maximum growth rate and feed efficiency were ob­
tained with a calcium:phosphorus ratio of 1.0:1.0. The same 
ratio allowed a maximum rate of growth in Experiment 1030, 
however, the rations contained only 0.52 percent phosphorus. 
In Experiment IOIlO, 0.52 percent phosphorus was again included 
in all rations. Growth rate and feed efficiency were at a 
maximum when the calcium:phosphorus ratio was 1.25:1.0. A 
comparison between the results of Experiments 971 and 1030 
indicates a possible calcium:phosphorus ratio effect. In 
Experiment 971 the ration treatment which allowed a maximum 
growth rate contained 0.70 percent calcium and a ratio of 
1.0:1.0, whereas in Experiment 1030 the same level of calci­
um but a wider calcium:phosphorus ratio (1.33=1.0) appeared 
to depress the growth rate. This comparison between experi­
ments suggests that a calcium:phosphorus ratio as narrow as 
1.33:1.0 depressed growth. However, when the results of 
Experiment IOI4.O (1.25:1.0 ratio allowed maximum growth and 
feed utilization) are also considered, the liveliness of a 
ratio effect on performance is dimmed. 
Experiments 1034 and 1006 were designed in an effort to 
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reveal the importance of the calcium:phosphorus ratio on 
baby pig performance. The results of Experiment 1034 indicate 
that the calcium level affected the rate of growth, while a 
caleium:phosphorus ratio as wide as 1.5:1.0 had little or no 
influence. At a level of 0.52 percent phosphorus in the ra­
tion, a 1.5:1.0 ratio did not depress growth, however, the 
same ratio did depress growth when 0.70 percent phosphorus was 
present in the ration. Bethke et al. (1933) have demonstrated, 
with the growing pig, that a wide calcium:phosphorus ratio is 
more growth-depressing when the phosphorus level is minimal. 
However, in Experiment 1034 the wide ratio was more growth-
depressing at the highest phosphorus level. This observation 
indicates that, not the calcium:phosphorus ratio -per se, but 
instead, a high calcium level is responsible for the depres­
sion in growth rate. In Experiment 1006, in which a corn-soy­
bean oil meal basal ration was used, none of the treatments 
appeared to affect the growth rate or the feed required per 
pound of gain. Either the calcium level was not as critical 
in these rations or the precision of the experiment was too 
low to detect treatment differences. 
Calcium Level Effects 
With the exception of Experiment 1030, in which 0.52 per­
cent calcium allowed the fastest rate of growth and maximum 
efficiency of feed utilization, good agreement was obtained 
between experiments on the minimum calcium requirement for a 
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maximum growth rate. The results on feed required per pound 
of gain were more variable and therefore less conclusive. Al­
though the effects were not statistically significant, the 
total gain and feed required per pound of gain data of Experi­
ment 971 suggest that 0.52 percent calcium was insufficient 
while 0.70 percent was optimum. Again in Experiment 1034 the 
growth rate was improved by increasing the calcium level in 
the ration from 0.52 to 0.70 or 0.79 percent, however, feed 
conversion was unaffected by these calcium levels. In Experi­
ment 1040 the overall 2-6 week body weight gain data indicated 
that 0.52 and 0.66 percent calcium in the ration allowed simi­
lar growth rates. However, when intermediate gains were in­
vestigated, 0.52 percent calcium appeared optimum early in the 
period, but the calcium supplied by this level was possibly 
limiting late in the period as indicated in Figure 8. In the 
same experiment there was a statistically significant quadrat­
ic treatment effect on feed required per pound of gain--in­
die a ting a maximum utilization of nutrients when the ration 
contained 0.66 percent calcium. 
As pointed out previously, it appears that high calcium 
levels in the high milk product rations used in these studies 
manifested a growth-deprèssing effect. Levels of 0.88 and 
1.05 percent calcium adversely affected the growth rate and 
utilization of feed in Experiment 971. In Experiment 1030 a 
calcium level as low as 0»70 percent significantly slowed the 
rate of growth. The feed data also indicated poorer feed 
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utilization with the three highest calcium levels (0.70, 0.88 
and 1.05 percent). In Experiment 1034 the depressing effect 
of high calcium levels was not evident at levels of 0.70 or 
0.79 percent but it was when 1.05 percent calcium was included 
in the ration. The depressing effect was again evident with a 
lower calcium level (0.79 percent) in Experiment 10i|.0. Both 
growth rate and feed utilization were affected. High calcium 
levels did not appear to affect growth rate or feed utiliza­
tion when included in the corn-soybean oil meal type rations 
of Experiment 1006. 
The bone calcification data of the various studies agree 
for the most part. In Experiment 971 optical tuber calcis 
density and metatarsal ash values increased linearly over a 
calcium percentage range from 0.52 to 1.05* Again in Experi­
ment 1034 metatarsal ash values increased linearly over the 
same range, however, the tuber calcis density values indicated 
no increase in calcification beyond 0.70 percent calcium. 
Bone calcification was increased by levels of calcium up to 
and including 0.94 percent of the ration in Experiment 1006. 
Whereas the previously discussed results are in agreement that 
calcification was increased by levels of calcium up to 0.70 
or 1.05 percent, the data of Experiment 1030 demonstrated no 
increase in calcification by calcium additions to a basal ra­
tion containing 0.52 percent calcium. The explanation for 
this discrepancy is unknown. With the identical basal ration 
and environmental conditions, the pigs in Experiment 1034 
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responded to increasing calcium levels over the same range. 
The results discussed here suggest that not more than 
0.70 percent calcium in a high milk product ration is required 
for maximum growth and efficiency of feed utilization by pigs 
2-6 weeks of age, and that levels of 0.80 to 1.05 percent cal­
cium have a growth-depressing effect. The minimum requirement 
appears to disagree with that reported by Chapman .et al. 
(1955) for the 100 pound pig. He suggested a calcium level 
of 0.80 percent in a corn-soybean oil meal type ration. The 
results also disagree with those of Rutledge (1957) who ob­
served no consistant influence of calcium levels over the 
range from 0.4 to 1.0 percent of the ration on growth rate or 
feed utilization by baby pigs. The cause or causes for the 
growth-depressing effect of high calcium intakes is not clear. 
The adverse effects of these high levels on absorption of 
other nutrients and on growth have been discussed under the 
review of literature. As reviewed, the zinc requirement, in 
particular, is influenced greatly by the calcium level of the 
ration. The requirement is increased by high levels of calci­
um. The National Research Council Subcommittee on Swine Nu­
trition (1959) states that, when rations contain 1.5-2.0 per­
cent calcium, the use of 100 parts per million zinc will not 
always prevent the growth depression and poor feed conversion 
associated with parakeratosis. The rations used in the calci­
um studies reported herein contained approximately 100 parts 
per million zinc, of which 8l parts per million were added by 
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the trace mineral premix (Table ij.) • A depression of growth 
rate and feed utilization was observed with rations containing 
calcium percentages as low as 0.80. It was, therefore, con­
cluded that zinc was not likely the first limiting factor for 
growth and feed utilization with the rations used in these ex­
periments. 
The bone calcification and calcium balance data of these 
experiments indicate that, in general, the total calcium re­
tained is increased by levels of calcium up to 0.9-1.0 percent 
of the ration. If these observations are correct, then it is 
evident that the baby pig's calcium requirement for maximum 
calcification is considerably greater than that for maximum 
growth and efficiency of feed utilization. 
Phosphorus Requirement Studies 
The results obtained in phosphorus requirement studies 
with baby pigs are dependent to a large degree on the type 
of ration used or, more precisely, the apparent requirement 
depends upon the availability of the dietary phosphorus sourc­
es. The importance of considering phytin phosphorus and the 
source of supplemental inorganic phosphorus have been discussed 
in the review of literature. Let it suffice to say at this 
point that the phosphorus requirement herein determined is ap­
plicable only when rations of a similar type are fed. 
Some indication of the phosphorus requirement of pigs 
2-7 weeks of age was obtained from unpublished data by Zim­
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merman et al. (1959)• Maximum tuber calcis optical density 
«vas attained with rations containing 0.5-0.6 percent total 
phosphorus. A semi-purified ration containing approximately 
0.08 percent phytin phosphorus was fed. 
Experiments 1006, 1034 and 1055 v-ore designed in an ef­
fort to study the phosphorus requirement of baby pigs 2-6 
weeks of age. In Experiment 1034 increasing the phosphorus 
level of the ration from 0.52 to 0.70 percent may have im­
proved the growth rate slightly. However, it was impossible 
to determine whether the total gain advantage of the animals 
receiving both 0.70 percent phosphorus and calcium, as com­
pared to those receiving 0.52 percent phosphorus and 0.79 
percent calcium, was due to the extra phosphorus or the low­
er calcium level. The feed conversion and bone calcifica­
tion, as estimated by metatarsal ash and optical density val­
ues, were definitely not improved by the higher phosphorus 
level in the ration. In Experiment 1006, where the corn-soy­
bean oil meal type basal ration contained approximately 0.14 
percent phytin phosphorus, there was some disagreement on the 
effect of phosphorus levels on bone calcification. With ra­
tions containing 0.75 percent calcium, 0.50 percent total 
phosphorus appeared adequate for maximum calcification when 
estimated by bone ash values, but inadequate when estimated by 
optical bone density values. Calcification was improved con­
siderably by increasing the calcium level of the ration from 
0.75 to O.9I1 percent, and it is quite possible that 0.50 per-
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c-ent phosphorus in combination with the higher level of cal­
cium would have been inadequate. Experiment 1055 was speci­
fically designed to estimate the phosphorus requirement of 
pigs 2-6 weeks of age using a ration containing approximately 
0.10 percent phytin phosphorus. Total body weight gains and 
bone calcification were maximized with a ration containing 
0.55 percent total phosphorus, whereas, the efficiency of feed 
utilization was further improved by increasing the phosphorus 
level to 0.65 percent. In general, these results agree with 
the fragmentary evidence by other workers on this problem. 
Combs (1955) in phosphorus availability studies improved 
growth rate, feed utilization and bone calcification of pigs 
1-5 weeks of age by increasing the phosphorus level in a puri­
fied ration over the range from O.llj. to 0.i|0 percent. It 
appears from his studies that the phosphorus requirement of 
his pigs was somewhat more than O.ifO percent. However, Jordan 
(1959), with older pigs (20-70 pounds), estimated the phos­
phorus requirement to be 0.4-0 percent in a purified ration. 
The calcification results obtained in Experiment 1055 conflict 
with those of Vandepopuliere et al. (1959), who reported a 
linear increase in calcification over the range of 0.24 to 
0.72 percent phosphorus in rations fed to pigs 2-7 weeks of 
age. 
The bone calcification data of Experiment 1006 suggest 
that a high phosphorus level (1.0 percent) inhibits maximum 
calcification in rations normally containing adequate calcium. 
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Harris et al. (1951) noted a similar response from 0.8 percent 
phosphorus in rations fed to foxes. 
Comparison of Percent Ash and Optical Density Techniques 
These studies were not designed to investigate the rela­
tive reliability of the ashing and optical density techniques 
for estimating bone calcification. However, some evaluation 
can be made. Under the individual experiments, the coeffi­
cients of variation for the two methods were presented. How­
ever, these coefficients cannot in themselves be used to eval­
uate the techniques. The relative change in the parameters as 
the result of dietary treatments must also be considered. In 
each experiment the coefficient of variation for percent bone 
ash was the lower of the two. However, the percent change in 
bone ash values due to varying calcium and phosphorus levels 
was also consistantly less than the percent change in optical 
density values. Therefore, in order to evaluate the relative 
sensitivity of the methods, the number of replications re­
quired to produce a significant (probability equal to or less 
than 0.05 percent) effect 80 percent of the time was calcu­
lated by methods described by Cochran and Cox (1957)• This 
calculation considers both the coefficient of variation and 
the percent change in the parameter due to ration treatments. 
The calculated replication requirements, as well as the re­
spective coefficients of variation and percent changes ob­
tained in parameters by the range of.experimental treatments, 
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are presented in Table 22. Experiment 1030 was omitted from 
the table because of the lack of a treatment effect on calci­
fication. In Experiments 971, 1006 and 103l|., where compari­
sons of the two bone calcification estimates could be made, 
percent ash of moisture- and fat-free bones proved slightly 
but consistantly more precise than did the optical bone densi­
ty values. Considering the costs and labor involved in carry­
ing out these techniques, it is the author's opinion that the 
ashing technique is superior. 
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SUMMARY 
Seven experiments involving 196 pigs from 2-6 or 2-7 
weeks of age were conducted to study the influences of calcium 
and phosphorus levels and the resulting calcium:phosphorus 
ratios in rations on baby pig performance. The criteria used 
to measure performance were body weight gains, feed required 
per pound of gain, percent bone ash values and bone optical 
density values. The following points have been concluded from 
the data obtained under the specific environmental and dietary 
conditions employed: 
1. It appeared that calcium:phosphorus ratios over the range 
from 0.75:1.0 to 2.0:1.0 had little influence on baby pig 
performance, while calcium levels over the range from 0.52 
to 1.05 percent of the ration had a decided effect. 
2. In most cases 0.52 percent calcium in the ration was in­
adequate for maximum growth and efficiency of feed utili­
zation. 
3. Calcium levels of from 0.80 to 1.05 percent in high milk 
product rations demonstrated a growth-depressing effect. 
4. The growth-depressing effect of high calcium intakes, sup­
plied by calcium carbonate, was not the result of the ob­
served decrease in chlortetracycline absorption, nor was 
it due to the anion carbonate. 
5. The calcium requirement for maximum growth and utilization 
of food was 0.7 percent of the ration, whereas, bone cal-
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cificatlon was increased by levels up to 0.9-1.0 percent. 
Calcium balance data also indicated an increase in total 
calcium retained with rations containing up to 0.9 percent 
calcium. Therefore, the baby pig's calcium requirements 
for growth and feed conversion were not the same as that 
for bone calcification. 
The phosphorus requirements of pigs 2-6 weeks of age for 
maximum growth rate, utilization of food and bone calci­
fication were 0.55, 0.65 and 0.55 percent, respectively, 
in a high milk product ration containing approximately 
0.10 percent phytin phosphorus. Supplemental phosphorus 
was supplied by monocalcium phosphate. 
Limited evidence indicated that one percent phosphorus 
inhibited maximum bone calcification in a ration contain­
ing calcium at a level which normally met the requirement 
for maximum calcification. 
A simple and rapid surgical technique was developed for 
obtaining bone samples for calcification estimates from 
living pigs. The animals recovered rapidly and complete­
ly. 
For estimating bone calcification percent ash values were 
slightly more precise than optical density values. 
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APPENDIX 
Table 1. Composition of basal rations 
Experiment number 
9B0 9BÔ 
(12% (20% 1030, 1034 
Ingredient 971 protein) protein) 1006 and 1040 1055 
Ground yellow corn 
Corn starch 
Sucrose 
Lactose (fermentation grade) 
Dried whey (10% lactose) 
Solvent soybean oil meal ($0% pro­
tein) 
Dried skimmilk (spray-dried) 
Casein (crude) 
dl-methionine 
Pish solubles ($0% solids) 
Dried beet pulp 
Stabilized lard 
Vitamin-antibiotic prernix (corn) 
Calcium carbonate (^ Q»0% Ca) 
Mono calcium phosphate (2l\..$Q% P) 
(15.90# 0a) 
Macrominerals*3 
Iodized salt 
Trace mineral premix (35-C-41) 
Total 
29.25 30.14 .27.00 27.00 
1.40 2.40 7.28 0.53 
15.00 15.83 15.83 15.00 15.00 15.00 
15.00 61.23 52.15 9.14 
10.00 
20.00 27.00 16.00 16.00 
5.00 25.00 10.00 
7.00 13.50 22.50 5.86 
0.12 0.20 
2.50 2.50 2.50 2.50 
3.00 2.00 2.00 2.00 
2.00 2.00 2.00 2.00 2.00 2.00 
2.00 2.00a 2.00a 2.00 2.00 2.00 
0.45 0.85 0.27 1.37 
1.80 2.20 2.20 0.51 0.35 
2.17 2.17 
0.50 0.75 0.75 0.50 0.50 o.5o 
0.10 0.20 0.20 0.10 0.10 0.10 
100.00 100.00 100.00 100.00 100.00 100.00 
aSucrose replaced corn as the carrier. 
M^acrominerals designate salts of potassium, calcium and magnesium. 
Table 2. Calculated analysis of basal rations 
Experiment number 
9BÔ 98Ô 
(12# (20# 1030, 1034 
Item " 971 protein) protein) 1006 and 10l(.0 1055 
Protein 
Fat 
Fiber 
Calcium 
Phosphorus 
Potassium 
Magnesium 
Vitamin A 
Vitamin Dg 
Riboflavin 
Panthothenic 
Niacin 
acid 
Choline 
Vitamin B^ g 
Chlortetracycline 
I 
I.U./lb. 
I.U./lb. 
mg./lb. 
mgo/lb. 
mg./lb. 
mg./lb. 
mcg./lb. 
mg./lb. 
20.0 12.0 20.0 20.0 20.0 20.0 
3.5 2.2 2.3 3.5 3.4 3.4 
2.0 2.0 1.6 1.6 
0.52 0.70 0.70 0.62 0,52 0.70 
0.70 0.64 0.70 0.50 0.52 0.35 
0.6S 0.65 
0.04 0.04 
3000 3000 3000 3000 3000 3000 
500 5oo 5oo 5oo 500 500 
4.0 5.0 5.0 4.0 4.0 • 4.0 
8.0 10.0 10.0 8.0 6.0 8.0 
25.0 30.0 30.0 25.0 25.0 25.0 
450 5oo 5oo 5oo 500 500 
20 20 20 20 20 20 
50 50 50 
Table 3. Added amounts and total calculated amounts of vitamins and antibiotics 
per pound of complete ration 
Experiment number 
1030, 1034 
971 28O 1006 and iolj.0 1055 
Ingredient Added Total Added Total Added Total Added Total Added Total 
Vitamin A, I.U. 2690 3000 3000 3000 2710 3000 2712 3000 2712 3000 
Vitamin Dg, I.U. 200 £00 % 500 $00 £00 200 £00 2oo 2oo Riboflavin, mg. 3.2 4.0 4.5 2.0 1.7 4.0 1.3 4.0 2.4 4.0 
Calcium pantothenate, 
2.4 mg. 2.6 8.0 10.0 10.0 8 . 0  2.2 8 . 0  4.4 8 . 0  
Niacin, mg. 17.4 25.0 30.0 30.0 15.9 2^.0 16.8 22.0 17.2 22.0 
Choline chloride, mg. 94 450 500 500 570 69 200 144 2oo 
Vitamin meg. 20 20 20 20 20 20 20 20 20 20 
Alpha-toeopherol 
acetate, mg. 10 10 
Biotin, meg. 3 3 
Folic acid, meg. 50 50 
Mendadione, mg. 0.5 0.5 
Pyridoxine, mg. 2.0 2.0 
Thiamine, mg. 3.0 3.0 
Chiortetracycline, mg. 50 50 2o 2o 2o 2o 
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Table 4« Trace minerai premix (3£>-C-4l) 
Element 
% in 
premix 
P.PoM contributed to 
ration by: 
0.10% 0.207= 
Iron 7.0 70.0 140.0 
Copper 0.475 4.8 9.5 
Cobalt 0.166 1.7 3.3 
Zinc 8.10 81.0 162.0 
Manganese 5.68 56.8 113.6 
Calcium 5.28 
Potassium 0.750 7.5 15.0 
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Table 5• Experiment 971 - Summary of total gains, feed re­
quired per pound of gain, tuber calcis optical 
densities, percent metatarsal ash and serum chlor-
tetracycline levels 
Calcium:phosphorus ratio 
0.75:1.0 1.0:1.0 1.25:1.0 1.5:1.0 
Calcium level (f°) • " ' . 
Rep. 0.52 0770 _ • 0.88 . • . . • 1-.05 • 
. . Total gain (lb; ). . ' : ' 
1 21.8a 21.6 . . 25.-7 ' i '6 .6 ' ' 
2 23.7 . 27.8 - . ' 22.4 ' ' 20.-9 
3 19.0 20.5'. •' 15,5 16.0 
4 23.2 26.4 : 20.4 23.4 
Av. ' (21.9) • (24,1) . (21.0) (19.2) 
• •Feed/gain-, (lb; ) 
1 1.97a ' - 1.78 • 1.8B 2.03 
2 ' 2.13 1..83- - - - • 2.01 1.96 
3 1.56"' • • - 1.76 • 1.66 1.68 
4 1.98 . . .1,87 - 1.82 1.7'8 
Av.. . ( 1 o9.1 ) .(1.81)'. •. . (1.84) (1.86) 
' Tuber calcis- density. (mm. aluminum/cm.) 
.• 1.61 1.68 
- I.92 2.0k 
.1.59 1.62 
1.66 2.11 
(1.70) (1.86) 
Metatarsal ash (#' 'of • water-' -and- fat-free bone) 
1 • 44.27 - '.46.60: ' . ••47.16 : 48.3 
2 43.15 ' 45.72 . . • : -4.6.01- • I18.I 
l feV . • :,P p:88 
Av. (44.60) ' (46..32) (46.39.) .(48.34) 
Serum chlor tetracycline (mcg./lOO ml.)"' 
1 24.4 19.6 15=6 . ' ; 11.9 
2 28.9 25.7 • Î6.4- * 19.5 
3 37.5 34.5 20.0 ' 19.9 
4 30.6 28.6 • 22.8 18.4 
Av. (30.4) (27.0) (18.7) (174) 
C^alculated as a missing value (Snedecor, 1956, p. 310). 
One pig did not eat during the first 7 days of the experiment, 
therefore, its gain and feed required per pound of gain data 
were removed. 
1 • 1,43 1.51 • 
2 ' 1.74 . " 1.59 
3 1.34 1.62-\ 1.51 • '• 1.30 
Av. •(1.50) = (1.50) 
Table 6. Experiment "971 Analysis of variance plan and obsepved.mean squares 
for total .gains,.: feed.required per pound of gain',. ...tuber calcis optical 
densities,' percent -metatarsal ash and serum chlortetracycline levels 
. '-Mean squares 
. . Mean squares - . 
'- % ash 
Serum 
Source of variation. 'd. P. • Gain Feed/gain d.f. Density chlort. 
Replications :.3'' : .29.7& 0.0747* 3 0.0662 2,4230 72.49^ 
Treatments . 
.'3 V.-. •;.-l6 '.Z& O.OO690 3 0.1186a/ .'9.3820a 128.22% 
Linear regression 
Quadratic regression 
Cubic regression • 
•> 
i 
.-2^.99 
• 12.41 : 
.8,22 
0.0024 
' O.OI41 
0.0041 
1 
1 
1 
0.3188% 
0.0281,.. 
0,0090- . 
• 22.6172b 
' 0:0264 
2.4816 
442.27b 
4-22 
27.97 
Error ' . . • so ;• ' .6:8 0 . 0.0130 9 0; .023p;.'• ' 2:1101 6.89 
Total • - i4P ' 13,76. . 0.0249 12 . o..'62o8 .3.6337 20.88 
^Statistical s^gni-fic'anèë, at P .= 0.0.2.or less... ' • 
• 
1 1 
'' . . ' % -
^Statistical.significance\&t^P= 0.01 or less. • 
(^Corrected for one'misèipg value.. (Snedecor, 1926,'. p. 3,10,-311) . 
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Table ?. Experiment 980 - Summary of total gains and feed 
required per pound of gain 
Added pot-as slum % 
0.68- 1.53 . 0.68 1.53 
Ace- Carbon- Ace- Carbon- Ace- Carbon-Ace-° --Carborir' " 
tate& atea tate ate ' ' tate • ate • ta te .-ate-- '• 
• Low. protein (12%) ~ * High .protein-. (2Q$'): 
Sep- Total -sain (lb.) 
1. "%.8- 15.4 ' i'5.4 18.7 24.7 27.0 25.1 26.8 
2 • 12.1 15.0 20.8 14.4 30.1 24.2 26.3 25.8 
3 17.5 18.2 23.6 .29.2 21.6 25.I 25.2 26.0 
4 11.2 11.2 15.4 12.4 23,3 27.2 17.0 21.6 
5 - 22.3 23.7 21.1 25.7 
Av. 13,9 15.0 18.8 18.7 • 24.4 25.4 22.9 25,2 
Feed/Rain (lb.) 
1 • " 2.32 2.22 2.29 1.85 1.35. 1.35 1.49 1.34 
2. 2,15. 2.06 1.69 1.85 1.36 1.43 1.39 1.34 
3;; ... 1,79' . Iy65 ' 1.64. - 1.65- 1.38 1.22 1.35 1.27 
4 2.A4 ' 'l.82 : YL'.QL-. /.i.8y ./ .i;26 . 1.33 1.38 1.33 
5 • ••'•i>39' i-.4i ' i.4° 1,21 
_AV.-.-;2.08. ; I.*94 • 1.86:;.:i.8o /-1..35- -1..35 . 1.46. 1.30-
L , : . - ' ;. •. 
•  . .  
. 
aPotassium," calcium and .magnesium -'were added à s .either, 
the acetate of carbonate salts. ' 
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Table 8. Experiment 9Ô0 - Analysis of variance plan and ob­
served mean squares for total gains and feed 
required per pound of gain 
- ! - ' -•,Mé"àh-.s.q"uâré:s;. 
Sb.tir.c;e of-:'-variation- _d'.;fv'" ; Gain ; -P Ved/g'aih 
Replications 3 4747 0.1105 
Protein levels 1 542.03a 2.5702% 
Error (main plot) 3 31.44 0.0569 
Subplot treatments 3 8.67 0.0304 
Potassium levels 
Acetate vs. carbonate 
Potassium x acetate 
. vs. carbonate 
1 
1 
1 
19.69 
6.21 
0.11 
0.0483* 
0.0422% 
0.0006 
Protein x potassium 1 60.22% 0.0836% 
Protein x acetate vs. 
carbonate 1 1.40 0.0064 
Protein x potassium x 
acetate vs. carbonate 1 1.77 0.0102 
Error (subplot) 18 8.33 O.OO96 
Total 31 32.84 O.IIO9 
S^tatistical significance at P = 0.05 or less. 
D S t a t is tical. ' .si'gnif i c'âncê'<rât.:P ,=• 0.0.1--or -less. 
Table 9* Experiment/ 3:03.0';.'i'r ; Summary of total gains and feed required, per pound 
. Calcium:phosphorus ratio ... ' ' • 
1.0:1.0 1.33:1.0 1\b6:;l. 0 2.0:1.0 1.0:1.0 1.33:ï.:0'l.'bb:1.0 2.0:1.0 
•' • ..Calcium level {%) 
ÏÏ7F2 Ô77Ô o.mi.og' olW 0.70 •. •:0.8a ÏTÔF 
Rep. Chlor tetracycline--(2b'mg./ib. ). : No chloptetracycline 
" • '- - Total' - K'ain : .(.lb . )'•'• 
1 22.9 20.7 19.8 - 22.5 ' : - . :'25'7. . ' 17.7 '. 17.9 l6.5 
2 23.5 20.0 21.9 19^9. ' . ' 24.2 ' -
' 
' 
19.6 H
 
CO
 
H
 
18.2 
Av. 23.2 20.4 20.6 21.2 '• 25.O. 18.6 H CD
 
•
 O
 
17.4 
Feed/gain (lb.) 
1 I.63 1.67 1.62 1.77 1.75 1.62 1.80 1.67 
2 1.24 1.67 1.68 1.65 1.54 1.61 1.71 1.70 
Av. 1.58 1.67 1.65 1.71 1.64 1.62 1.76 1.68 
Table 10. Experiment 1030 - Summary of calcium and phosphorus retention 
Calcium;phosphorus ratio 
1.0:1.0 1.33:1.0 1.66:1. 0 2.0:1.0 1.0:1.0 1.33:1.0 1.66:1.0 2.0:1.0 
Calcium level {%) 
0.52 0.70 0.88 1.0 5 0.52 0.70 0.88 1.05 
Rep. Chlortetracycline (50 mg./lb.) No chlortetracycline 
Calcium retention (%) 
1 72.3 62.1 57.1 4 8.0 74-4 70.0 62.9a 52.7 
2 74-5 62.3 66.0 49.0 76.0 68.2 56.4 50.9 
Av. 73.4 6 2.2 61.6 48.5 
Phosphorus 
7 5.2 
retention (%) 
69.1 59.6 51.8 
1 74.0 66.8 62.7 56.2 66.0 69.8 65.6* 58.7 
2 71.0 60.0 73.9 69.4 70.6 70.2 63.2 62.9 
Av. 72.5 63.il 69.8 62.8 68.3 70.0 64-4 60.8 
C^alculated as a missing value (Snedecor, 1956, p. 310, 311)• 
Table 11. Experiment 1030 - Analysis of variance plans and observed mean squares 
for total gains, feed required per pound of gain, percent calcium re­
tention and percent phosphorus retention 
Source of variation d.: f. 
Mean 
Gain 
squares 
Feed/gain d.f. 
Mean 
% Ca re­
tention 
squares 
% P re­
tention 
Replication 1 0.18 0.0116 1 0.90 21.16 
Chlortetracycline 1 11.05 0.0018 1 25.51 6.25 
Error (main-plot) 1 0.53 0.0010 1 27.05 1.4l 
Calcium levels 3 21.89* 0.0073 •3 404.94* 50.12 
Linear regression 
Quadratic regression 
Cubic regression 
1 
1 
1 
41.91s-
19.58b 
4.19 
0.0189 
0.0011 
0.0019 
1 
1 
1 
1195.46* 
3.22 
16.11 
128.65 
2.55 
19.15 
Calcium x chlortetracycline 3 5.95 0.0055 3 13.28 29.37 
Error (sub-plot) 6 1.62 0.0045 5° 8.05 29.62 
Total 15 7.00 0.0053 14° 96.73 29.71 
S^tatistical significance at P = 0,01 or less. 
S^tatistical significance at P = 0.05 or less• 
C^orrected for one missing value (Snedecor, 1956, p. 310, 311). 
Table 12. Experiment 1030 - Summary of percent bone ash and optical density 
values for metatarsal, femur'and tuber calcis 
• . . • Calcium;phosphorus ratio 
1.0:1.0 1.33:1.0-1.66:1.0 2.0:1.0 .- . 1.0:1.0 1.33:1.0 1.66:1.0 2.0:1.0 
. Calcium ' level { %) ____ 
032 0.70 • 5TÏÏB . 1.05 • " 0752 0I70 Ô7SB T7ÔF 
Rep. Chlor tetracycline (50 mg./lb'. ) - ; No .chlor tetracycline 
metatarsal asn,y% 01 waterr ana i.at-iree ponej 
1 46.12 50.20 40.19 49.10. . , 53.92 ,51.87 49.73 47.40 
2 48.43 48.97 ' 50.02'. 50.57- ' ' , .- 49.84 45.88 49.11 48.0; 
o 
M h - of 'erf „andf&t-fré b )
3
Av. 47.28 49.58 49.10 '49.8:8 .• 51.88 , 48.88 49.42 47.76 g 
•Femur ash of water- and fat-free bone) 
1 66.24 65.68 ' 65.43 " ,65.76 • , • .. 67.09 56.07 64.30 63.64 
2 64.94 64.62 . 65^ 71:-' - 66.53- ' '. 65.91 - 65.55 . 65.69 64.62 
Av. 65.59 65.15 v65'.;$y65.00 64.13 
Tuber calcis ..ash .-(-/a.. of wa:t,ér^--'and fat-free bone) 
1 37.99 37.78 .35.01 • \;-3.7.:19- ' : . 43.91 . 38.09 3^2.92 37.48 
2 34.87 34.87.. j 39.31' . :39/i4 : 3&.08' 38.28 36.04 36.12 
Av. 36.43 36.32 39..4-1 .38:16/ : - , . - 40.00 . : .-38.18' 34.48 36.80 
- /  '  
Metatarsal optical .density °(mm." aluminum/cm. ) 
1 2.64 2.06 2.73 % , 2,11:. ... • . • .2-39 ' 1.47 1.83 1.35 
2 1.71 1.69 * * L.74* S ;;I;6:8-v , • , .1.82 ' r .1.64 1.98 1.14 
AV. 2.18 1.88 0 2.24 ' .i;.90'- - 2;io ° 1.56 1.90 1.24 
Table 12. (Continued) 
Calcium:phosphorus ratio 
1.0:1.0 1.33:1.0 1.66:1.0 2.0:1.0 ° "1,0:1.0 1„33:1.0 1.66:1.0 2.0:1.0 
Caleium'level'"(#)' 
032 ôTTô ÔTEE Ï7Ô3 rTr~ •' 0.52 ôTTô oTHB ITôF 
Rep. Chlortetracycllne (50 mg./lb;) , "° . No chlortetracycllne 
1 
2 
1 
2 
4» 85 
3.19 
4.04 
2.70 
Femur optical density, (mm.' aluminum/cm. ) 
5.15-. 4.93 ' 4.94 4.50 
3.32 3.15 „ " ' 3.40 " 3.86 3:6# 1:1? 
Av. 4.02 3.37 c4.24 4.04 ' " 4-20 4*18 3.90 3.35 
2.76 
2.27 
Tuber calcic optical density (mm. aluminum/cm.) 
2.62 
2.22 
1 
2 
2.44 
2.12 
2.U9 2.81 2.Q0 2.75 
2.75 ' 2.54 % '2.6k 2.56 
3.04 
2.92 
Av. 2.52 2.28 2.82 -2.68" " ' • , 2.77 2.66 2.98 2.42 
Intact tuber calcis optical density (mm. aluminum/cm.) 
1.24 l.ii.7 lTlïï "TTÏl " • 1.6k T3? 1.66 1.44 
1.10 1.34 1.4o, • 1»4° ' • ' . 1.28 1.27 1.50 1.34 
Av. 1.17 1.40 1.4l . I.36 Î.-46 • I.42 1.58 1.39 
H O 
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Table 13. Experiment 1030 - Simple correlation coefficients 
for comparisons between and among various estimates 
of bone calcification 
Comparison Coefficient 
Femur and tuber calcis optical density 0.74^  
Femur- arid metatarsal optical density 0.726 
Tuber calei-s and metatarsal optical density . - ..0:521 
Femur add;'tuber* calcis - ash . 0.685 
• Fenfur .and*metatarsal ash , « . . - \ 0;"l±88' ': ' 
* -'Tubêr. .calcis -and.metatarsal ash.'- • \ 0c.1 
:FeMr :.a^ h and. optical..(iensity; * * . '• * 0.. 
: • Tucef cj-alcis ash ' arid• optical cd*ensity"* "• ' : 0.173 
K'et'atars-al ash 'and op.tical. density:/ O.Oiii}-. 
• r.Opt-lcàl:. densityof intact and' removed:.ty:b-er c.alçi. • 0.54? 
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Table il).. Experiment 1034 - Summary of total gains, feed re­
quired per pound of gain, percent metatarsal ash 
and metatarsal optical densities 
Calcium:phosphorus ratio 
1.0:1.0 1.5:1.0 1.0:1.0 1.5:1.0 
Calcium level {%) 
Ô32 Ô779 Ô770 I7Ô5 
Phosphorus level (%) 
Rep. . • 032 ~ Ô32 0770 Ô7TÔ 
'$.é-
• i'7.7* '• 
V: - .ï.94' : 
. : ' .30.4. : 
• ' • Total Rain (lb.) 
* 23.2 « 26.2 c 
25.5 . I9.9 . 
15.5 
23.2 
23.5 
.24.8 ÊM \:%25.8\ y: 27<7.. ' _ . 21.8 
,  ^ieek/gain'Xlb.")" - -
1 m 
111 • i ":i;4i - F J, # F U 1 • 
"1..62 . • . . 
"1.59 ' " 
• 1.52 
•l,>6 • 
1-94 à 
: av'.'":' '. 
- ' " i '. 55 
- » " * " . 
' .1:50' \ 
: . • 
° 
1.55' ° 1.66 
...Metatarsal âsh {%-of water- and fat-free bone) 
-"i 
'2 • v-Sfî-
- a-58-
39:89 
• ' ' • 
' . 47.68 
. 46:33 
43.30 
46.73 
47.05 
49.01 
47.88 
44.66 
48.57 
48.95 
Av. . 42.42 46.37 46.52 47.52 
Metatarsal density (mm. . aluminum/cm. ) 
1 
2 I 2.35 2.19 2.47 2.37 2.88 2.70 2.8k 2.66 2.90 1:54 3.o4 2.73 2.58 2.4.8 2.94 
Av. 2.40 2.77 2.76 2.68 
Table 15. Experiment 1034 ~ Analysis of variance plan and observed mean squares 
for total gains, feed required per pound of gain, percent metatarsal 
ash and metatarsal optical densities 
Mean squares 
Source of variation d.f. Gain Peed/gain % ash Density 
Replications 3 63.4la 0.018? 4.0627 0.0421 
Calcium:phosphorus ratios 1 10.73 O.OO36 24.5025* 0.0915 
Phosphorus levels 1 0.23 0.0225 27.5625* 0.0743 
Ca:P x phosphorus 1 74.77* 0*0241 8.7912 0.2002a 
Error 9 12.6.6 O.OI96 4.7003 0.0279 
Total 15 25.97 O.OI89 7.6898 0.0495 
S^tatistical significance at P = 0.05 or less. 
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Table l6= Experiment lOlj.0 - Summary of total gains and feed 
required per pound of gain 
Calcium:phosphorus ratio 
1.0:1.0 1.25:1 1.5:1 
Calcium level (%) 
0.52 0.66 0.79 
Rep. Total Rain (lb.) 
1 2k. 7 22.2 204a 
2 26.6 30.6 26.2 
3 18.4 20.6 20.9 
4 30.1 25.1 26.7 
5 27.1% 30.6 254 
Av. 254 25.8 23-9 
Feed/gain (lb.) 
1 1.73 1.70 1.85 
2 i.6o 145 1.70 
3 1.95 1.84 1.91 
k 1.53 1.57 1.55 
5 l.6l 1.52 1.58 
Av. 1.68 1.62 1.72 
aThis value is the average of three animals. One animal 
died as the result of a brain abscess. 
bThis value is the average of three animals. One animal 
was removed because of severe scouring throughout the experi­
mental period. 
10Ô 
Table 17. Experiment 10l|.0 - Analysis of variance plan and 
observed mean squares for total gains and feed 
required per pound of gain 
Source of variation d.f. 
Mean 
Gain 
squares 
Feed/gain 
Replications 4 39.1263& 0.0696s 
Calcium levels 2 5.0834 0.0135 
Linear regression 
Quadratic regression 
1 
1 
5.4464 
4.7203 
0.0029 
0.024lb 
Error 8 5.2885 0.0036 
Total 14 14.9271 0.0239 
S^tatistical significance at P = 0.01 or less # 
S^tatistical significance at ? = 0.05 or less # 
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Table 18. Experiment 1006 - Summary of total gains, feed 
required per pound of gain, percent metatarsal 
ash and tuber calcis optical densities 
Calcium: phosphorus ratio _____ 
1.0:1.0 1.25:1.0 1.5:1.0 
• Calcium level {%) 
ÏÏ775 OS O2 0794 5773 Ï7Ï2 
Phosphorus level {%) 
Rep. ÏÏ773 T7ÔÔ Ô75Ô Ô7B ôTFô ÔTTF 
Total gain (lb.) 
1 15.4 li|.8 19.4 2i|.b 20.5 17.6 
2 25.1 21.5 25.1 27.5 26.8 2k.5 
3 27.9 21.3 27.1 25.7 30.7 26.6 
4 30.2 32.4 17.8 34.4 25.7 30.8 
5 19.8 25.4 28.3 22.0 22.2 22.1 
6 31.8 24.8 32.7 26.0 27.1 33.4 
Av. (25.0) (23.4) (25.1) (26.7) (25.5) (25.8) 
Feed/gain (lb.) 
1 1.81 2.15 1.73 ÏTTo 1.86 1.76 
2 1.7k 1.65 1.82 1.88 I.93 1.84 
3 1.75 1.69 1.72 1.65 1.73 1.72 
4 1.76 1.63 2.17 1.86 1.89 1.80 
5 1.71 1.55 1.77 1.71 1.63 1.72 
6 1.78 1.73 1-49 1.79 1.60 1.58 
Av. (1.76) (1.73) (1.78) (1.78) (1.77) (1.74) 
Metatarsal ash {% of water- and fat-free bone) 
1 45.86 4T739 45TB7 W73B 47720 46.82 
2 47.86 48.03 48.24 51.14 50.29 51.94 
3 47.56 49.35 47.91 48.60 4.6.90 50.28 
4 50.32 48.86 45.11 49.78 49.67 50.87 
5 46.37 46.52 47.54 48.85 46.89 47.24 
6 51.74 50.02 48.51 49.91 49.90 49.95 
Av. (48.28) (48.36) (47.20) (49.61) (48.48) (49.52) 
Tuber calcis density (mm. aluminum/cm. ) 
1 1.03 1.03 " " " " 
2 1.34 1.35 
1.59 1.49 
1.46 1.05 
5 1.19 1.01 
6 0.97 1.07 
Av. (1.26) (1.17) 
0.91 1.07 0.99 1.20 
1.18 1.27 1.38 1.30 
1.07 1.25 1.15 1.38 
1.13 1.55 1.15 1.58 
I.14 1.31 0.97 1.23 
1.10 1.57 0.97 1.25 
(1.09) (1.34) (1.10) (1.32) 
Table 19. Experiment lOOÔ - Analysis of variance plan and observed mean squares 
for total gains, feed required per pound of gain, percent metatarsal 
ash and tuber calcis optical densities 
Mean squares 
Source of variation d.f. Gain Feed/gain % ash Density 
Replications 5 90.60a 0.0444 8.8557a 0.0845a 
Treatments 5 7.36 0.0028 4.7886b 0.0721% 
Phosphorus (0,50 vs. 0.75 and 1.00#) 
" (0.75 vs. 1.00#) 
Calcium (O.o2 vs. 0.75#) 
" (0.75 vs. 0.94, 1.00 and 1.12#) 
" (0.94 vs. 1.12#) 
1 
1 
1 
1 
1 
9.7077b 
5.7600 
4.9024 
3.458% 
0.0243 
0.2520a 
0.1067b 
0.0005 
0.0007 
0.0005 
Error 25 15.83 0.0172 1.5380 0.0214 
Total 35 25.30 0.0191 3.0478 0.0377 
S^tatistical significance at P = 0.01 or less. 
S^tatistical significance at P = O.Oj? or less. 
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Table 20. Experiment 1055 - Summary of total gain, feed 
required per pound of gain and percent metatarsal 
ash 
Phosphorus level (%) 
Rep. 0.35 ÔTÇ3 Ô753T o.GF 
Total gain (lb.) 
1 17.2 20.2 23.0 20.9& 
2 19.3 20.2 20.3 18.3 
3 22.4 22.5 26.4 27.1 
4 24.9 27.3 32.6 28.9 
Av. 21.0 22.6 25.6 23.8 
Feed/gain (lb.) 
1 1.68 1.72 1.59 1.57 
2 1.74 I.63 1.6l 1.55 
3 1.62 1.64 1.64 1.54 
4 1.63 1.65 1.52 1.52 
Av. 1.67 1.66 1.59 1.54 
Metatarsal ash {% of water- and fat-free bone) 
1 40.32 36.14 45.90 43-4ia 
2 40.95 42.97 114.36 44.08 
3 43.42 45.04 49.42 48.91 
4 41.01 47.18 4.8.95 49.32 
Av. 41.42 42.83 47.16 46.43 
C^alculated as a missing value (Snedecor, 1956, p. 310). 
The pig scoured severely and constantly for the first two 
weeks of the experimental period. 
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Table 21. Experiment 1055 - Analysis of variance plan and 
observed mean squares for total gain, feed re­
quired per pound of gain and percent metatarsal 
ash 
Mean squares 
Source of variation d.f. C-ain Feed/gain % ash 
Replication 3 68.04a 0.0029 27.5102% 
Treatment 3 11.57° 0.0135b»c 26.6364b*0 
Linear regression 1 20.26% 0.0376& 64.9266a 
Quadratic re­
gression 1 8.61 0.0014 3.9562 
Cubic regression 1 5.86 0.0015 II.0262 
Error 8C 3.00 0.0018 4.8169 
Total 4C 19-58 0.0046 15.2240 
S^tatistical significance at P = 0.01 or less. 
S^tatistical significance at P = 0.05 or less. 
C^orrected for one missing value (Snedecor, 1956, p. 
310, 311). 
Ill 
Table 22. Summary of the reliability of percent ash and 
optical density as estimates of bone calcification 
Experiment number 
971 1006 1034 
Coefficient of variation (%) 
Percent ash 3.1 2.6 4.7 
Optical density 9.2 12.1 6.3 
Treatment difference {% of mean) 
Percent ash 8.1 5.0 11.2 
Optical density 22.0 20 » 7 14.0 
Replication requirement3-
Percent ash 2.4 3.6 2.9 
Optical density 2.8 4.6 3.2 
aThe replication requirements were calculated by the 
method described by Cochran and Cox (1957), pages 20-22. 
The test of significance was made at the 5 percent level, and 
80 percent was used as the probability of obtaining a signifi­
cant result. 
